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One of the most impariant considerations
for a2 poultiy openttics is waste manage-
ment. Problems with stering, handling,
managing, and wilizing the by-products
of produdion have come te the forefront
in planning, establishing, and operating
poultry farms. In addition, producers have
become sensitive o the potentizl for mi-
sance Htigation should their farms gener-
ate o¢lors, insects and vermin, ueeff, or
leachate that offends neighbors and pass-
ersby or endangers the envirommest.

Many different systems can be used suc-
cessfully for storing and mznaging poultry
wastes (see figuie Ia, page 2). The char
acier of the waste involved, the tevel of
moisture {n the waste, the scil ppe, and
other site conditions are important factors
in determining the suitability of any par-
ticeelar waste management system. Each
grower must weigh the advantages and dis-
advamapes of each methed and decide
which one best fits into the overall opera-
tion and best meets state and federal mgu-
lztions. Regardless of the system chosen,
success will largely depend upon proper
operation and maintenance. It 5 up o the
grower to establish 2 regular inspection
and maintenance schedule 1 keep the
waste management system functioning
properly o protect the environment.

Swrage of poultiy wastes inwvolves accu-
mulating litter, manure, and wastewaler in
an environmentally sound manner watil
they can be applied to land, sold for com-
posting, or used for other purposes. Dy
liter or manure ean be stored in solid form

fntroduction

in stockples. Liguid manure can be stored
in tanks or eanben basins, or it can be
streed and weated in anzerohic lagoons
or more advanced reaiment systems. Mza-
aure storage facdlities ean provide environ-
mental benelits by allowing wastes to be
stored until they can be safely spread ina
imely manner, incorporated into the soil,
and wsed by a gowing crop. See chapter
4, “"Manure Storzge,” for more detatled in-
formation about storage options.

State envircrunentat regulations zddress the
tocation and size of storage facilides, mini-
mum Standards for seepage control from
storage or treaument facilities, and opera-
tor manigement and training. The envi-
renmental acceptabiity of collecting large
amounts of titter 2and manure in one place
for an extended perod depends on six
factors:

= location of \he storage sie with re-
spect to physicat z2nd chemical char-
acienstics of mhe sod,

»  subsurfzce geologic materials;

» design and coastruciicn of the stor-
age site or faciity, including measures
1o control runoff, seepage, and
leachate,

» gnce the manure Jeaves the storage
site o facility, proper land applica-
tion and wilization of the manure at
a rae compatible with nuttient up-
take by crops;

o  whether the Jocation and design meet
any applicable local, state, or federal
regulations; and

*  proper centiiicaiion by state and local
authorities, including taining of op-
erators and managers of waste han-
iling Facilities.

Groundwater protection should be a ma-
jor consideration in siting poultry waste
storzge and treatment fzoilities, Factors o
consider include wpography, soils, and ge-
ology. Imparnant soil characeristics inchade
surface and subsod texiuze, depth, and per-
meabiliny, & very poor site hias shallow sail,
a high water :able, or a very sandy/grav-
elly soil with excessive drainage and high
permeabilty. Sterage facilities in poor sites
tmay requise erhancement with compacted
clay or synthetic liner materfals.

Water stipplics and wells should be located
in an elevated area upslope of the povluy
tandling fadlities, especially waste hzn-
dling facilities. This will ensure that runoff
will drain away from any wells or other
water supplies in the vicinity. Most states
set minimom separation distance require-
ments (ypically 103 to 200 feet) between
exiseing livestock facilittes and new wells.

Minimom separation distance requirements
also determine the placement of new well
installations and the distance from exist-
ing wells to new potentizl sources of con-
tarnination. Well construction criteria might
also exist. The law requires that existing
wells meet only those separation require-
ments that were o effect at the me of
well constrection. Howevee, every effon
must be made o meet curent regulations.

Clay000070
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jianure Production ang

Characteristics

The quanity and characteristics of manure,

wastewaler, litier, and sludpe must be

known to plan, design, and operate ma-

nure collection, storage, pretreatment, and

wlilization systems for pouliny enterprises.

Manure propenies are influenced by sev-

eral factors:

v hind species,

v bird age,

» diet and muirition,

s hird produdivity,

*  management, and

»  housing, vemifation, derinker svstems,
autrition, and other envirenmeantal
factors.

Characlerslics

Yialar adde=d

Manure DEFINED

The waste management sysiem will cal-
leci bedding or litter, water, scil, griz, teath-
ers, nonutilized dietary minerals, and oter
materials that must be handled as “mas-
nute.” The tenm *manure” in this publica-
tion includes Faw feces, urine, waste feed,
spilled water, absorptive bedding used in
poulery houses, and any other waste ma-
terial that is part of the waste stream from
pioduction houses.

Matertals with 2676 of more fotal solids
content can wsually be handled as a solid
(figure 1-13. These materials can be

%, Tolal Selids
25 ag

15 20

As de'asalsd

stacked, handled with a scraper and frons-
end loader, and spread with conventicnal
manure spreaders. Most mest-type hirds
are raised on dry liger in production fa-
citities, where the waste is handled in solid
form and wsually refemed to as “litter.”

Manure that is 12 1o 2084 sofids is typically
semi-solid and may need o be handled
with box scrapers, bucket Joaders, ar tank
spreaders equipped to contain Hguids dur
ing transpott. Some layer production fa-
cilities with alley {pitd scrapers or deep-pit
storage may prodoce semi-solid or even
tiguid manure. This is genenally due to
tmpraper maintenance or adjustment of
waler SysIems,

Hedditg added

e

Maaagameant
g PLrmpabla

Scraper and brcket foad

Yasiables % |«

%

Easily punged |

Llguid manure

Slackatle

Sofd manare

ol hangling systems

Aparoximatz weight per cubic fedt = n TE-50
Rarges shown are oy t2r marure mived with erganic bedding (i,

hangling systems

dqu'd, 2.4 peunds; semk-salid, 63 pounds: thick solid, 50 pounds; light sefid, 35 pounds.

g., bedding capaie of zbsoming large amounts af liguid).

Figuere 1-%. Fhysical characieristics and handling requirements af manure
Source: Adapted From Liguid Manure Apglfication Systems Design Manual, NRAES-33

Chapler 1 Manure Praduction and Characteristics
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Eiquid slurses £4 1o 124 ol solids)y wiit
not stack, Specis] solids-handling pumps,
Equid manure spreaders, o shury irriga-
tinn systems are necded for these materi-
als. layer production facilivies with hold-
ing 1anks, setiling basins, or earthen stor-
age basing pypically yield 2 liguid shury.
Also, shudge from the bottom of ap anasro-
bic lagoon will Fallineo the slaory cawegoerny,
In this publication, semi-rolid and Liquid
wastes witt be called "manure®

When wastewater 25 less than £% todal
sofids content, its handling characiestics
will be similar 1o those of waier. Howeve,
festhers and other teash from pouliey op-
erations may necessitte special screening
andfar pumping equipment. If these solid
materials can be settled or atherwise re-
meved from the wastewater, the wastewa-
ter can be pumped of imigated with some
of the same equipment used o paump clean
water, Eaver facilities with flushed alleys
produce a wastewater around 2% total
solids, while anaemobic lagoon Tiguid has
a solids coatent amuand 4.3%.

Tabfe -1 bsts estimated manure produc-
tion, as excieted. Data in this 1able repre-
sert: averages fiom 3 wide datsbase of
published and unpublished information on
poultry manure. Tofal manure production

& 1-1. Manure praduction, a excrated _

SAtEITEY Ly
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is presented per LOG0-Bid capacity per
day based on the weighted average daily
live weight of the bird during its produc-
tion cycle. Since moanure produckion is
generally based on the live weight of the
bired, manore amounts may be increased
or decreased proportional 1o the bird live
weight. Fach farm may have siightly dif-
ferens manure prodoction rates due to fac-
tors already mentioned. Teble 1-2 lists com-
monly used manure charactenistics, a5 ex-
ereted.

MolIsTURE
CONSIDERATIONS

Table 1-3 {page &} lists manuee and waste-
water produced from various types of
waste stomge and weatment systerms for
commercial bayer production facilities. Pro-
duction amounts can be highly influeaced
by leaking wazerers, rainfall surplus added
tr cpen storage mis and [agoons, and
whetheror nof lresh water is vsed for lush-
ing or cleaning manure collecion atleys.
Tehle 1-4 {page 7} iiss manure and wase-
warer charcteristics, as removed from ster-
agE SPAEms.

Undercage paved collection afleys are usu-
ally mechanically scraped, with solid or
semi-solid manure coflected over a two-
day perod, Liquids may evapomate from
these shallow alleys between scrapings,

High-rise, deep-pit facitities wsually allow
manure o “cone” on paved or unpaved
earihen Moors for 2 year or longer before
removal. Some states may require paving
to provide greater insurance zgainst
groundwater contamination. Othees may
allow compacted clay floos 1o be wsed,
The volume and moisture content of this
sobid or semi-solid manure can be influ-
enced by leaking waterers, high humidity,
or extent of ventifation. Circulation fans 1o
move air pver the manure mass can assist
in maoisture evaporation, increasing the
dryness of the manwe. Similarly, design
and management of the (ol building ven-
titatipn system can either aid in drying the
INANIIE GF CALSE Meisure (o acoumulile
1o problem levels. Moisture can abso be
abisorbed into the manure from the eanhen
fioor suface or wicked from the manure
im0 the soil, depending on sumounding
soil moistere conditions.

Manare tanks, pits, or eatthen storage ba-
s5ins receive scraped manure, excess wa-
ter spilfage, and surface rainfall surplus for

AT P R T et e s
o TN ag B el

P
% iSfeprarkif it aolg ki g
2 B B £ -‘E&‘ %ﬁ? SRR
Commargal layer
Hen 4.0 3.0 265 4.2 iz
Puifat ERT 1.5 a7 & 12
frotler 4.5 225 ~177 2.8 2]
Roaster 5.0 4.4 31§ 4.9 37
Cernich 2.5 1.25 39 1.5 12
dreader 7.8 7.0 552 8.7 05
Turkay
Paul 50 2.5 i3 [ %1 13
Grower hen o0 1.8 452 7.1 53
Crower tam, fight 22.0 P30, - . 8.3 B3
Grower tam, heavy 300 7.a 69 : 121 a1
Breadar 20.9 205 g5 14.3 iF
Duck 6.0 b 128 5.3 19

NGTE: Data in this table represent averages from a widz database of puslishad and ungublished infarmation on paultry rmanure. Totaf manure
producticn is presentad per 1,00(bord capacity per day based on $h2 weighted average daily live weight of the bird during its production
eyele. Since manure gredduction is gzrarally based cn the dive weight of the bird, manure amaunts may be increased or decreased proportionat
ta the bird five waloht. Each farm may hava stightly diffzrent production rates,

Foultey iaste Manggement Hapdbook
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Tahle 1-2. Typical manore characteristi

, 3% excrated
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chatacl
Density {Ibs /Y f2 64 63 62
T (%) 25 26 25 27
VS (K 19 19 13 16
COD < fppm} §76,000 197,000 236,000 169,300
{losftan)

TEN 27 26 28 2B
H th‘ 6.6 &.7 8.t 7.4
PO, 21 16 24 23
K0 12 12 12 17
Ca 41 i 27 20
Mg 4.3 3.5 31 4.1
5 4.3 2.0 33 1.6
Nz ik 3.5 2.8 35
| 20 18 1! 20
Fa 2.0 1.9 1.2 2.B
Kn .16 0.20 [Nt 0.17
B .05 G.G6 0.06 .06
In 014 AL .62 0.48
Cu &.02 .02 .43 .03

Sources: ASAE; Pepartment of Biological and Agricultural Engineering, North Caralina State

Undversity

HOTE: Allvalues ar2 on 2 wet basis [as excreted)

' TS = total sollds {100 - T5 = moisture or water cantent)

v ¥S = volatile salids; the portien of toiat sofids driven 6ff as valstile {combustible) gases

¢ QD = chemlcal oxygen demand; 3 measure of Lhe oxygen-consumirng capacity of inar-
ganic ant organtc matter present ia water ar waste

¢ TKN =sum ar afganic and ammoeniafum) altrogen, as measured by the laboratory Klzfdahl

protecurs

siorage until spreading. Tanks and pits that
can be covered usvally receive fess water,
have a higher solids and nutrhent content,
and result in less sluery volume to handle
than open earthen storage basins. Such
storages are usually designed far four o
twelve months’ accumulatios, depending
on the amount of storage needed for an
acceptable nudent management phen.

Grit is a poultry feed ratton adiditive that
aids digestion. When used excessively, grit
will separate from manure. Distary calcium
can also separate from manure and reduce
both the fow of manure to holding tanks
and the capacity of holding tanks to store
mzmure. This may present handling chal-
tenges for liquid storage and handling sys-
tems.

Anaerobic lagoens (those thar provide
teatment without oxygen) are designed
for biological reatmernt. The relatively large
suface aress of lageons often collect moee

surplus rainfalf than dry manure stacks or
Hguid manure sierage tanks. As a result,
relatively large liquid volumes with com-
paratively difwie nutrient contents result
from lagoon reatment. Bottor sludges are
vsually handled with liquid sturry equip-
ment and are usuwally removed infrequentiy.
Some rutrients such as calcium, phospho-
s, zing, and copper may be concentrated
in lepocn sludges.

Aerobic rreatment fagoons have not been
used extensively for pouliny wastes due o
the need to maintain an environmeat that
will sustain dissolved oxygen. Becaase of
the hiph strength of pouliry wastes,
impractically lzrge and shallow aerchic
lagoons are necessary to maintain such an
envirorument. Otherwise, oxygen must be
incerporated into the Iapeon using electst-
cally powered acmtors, which adds sig-
nificant cost to the waste treatment pro-
cess. There s interest in using aeralion 6o
reduce odor, provide betier treatment, and

Chapter ! Masure Production and Characleristics

peoduce a hiomass that is easily seled
from treatment effluent. The biomass can
be removed and incorpomted inte oom-
post or used in other ways as stabilized
soil ameadments.

LITTER
CONSIDERATIONS

Table 1-5 (page 8 lists liter characieris-
tics, as removed from produciion houses.
Tabte 1-6 {page 9) lists manure and litter
production, as removed from various meat-
type bird preduction facilities. Linter
amounis are presented as tons per 1,000
birds. Bedding or litier marerials (typicaliy
sawdust, wood shavings, peanut hulls, or
rce bulls) are initially placed an floors (o
a depth of 2 inches or more {depending
on the paultry integeator company) in pro-
duction houses. Some companies require
eomplete dean-out after every lock. De-
pending on disease status 2nd management
policies, companies may temove litter less
frequently, on an average about onece per
year, In such cases, a thin laver of new
liter may be added after each flock of
bircds, with wet and packed manure “cake”
teroved from around feeders and water

“ers between flocks. Some production fa-

cilities mipht go as long as 2 or 3 years
before the liver base is replaced. These
differences in management will influence
the litter nutrient values, as will changing
the 2mount ot type of litter used. The val-
ues supplied i iables 1-5 and 1-6 are given
as puides. Where liner will be used as fer
titizer or for other purposes, it is wise (o
test the litter for nutrient content.

Moisture management in the prodection
facilities can affect liner characteristics. As
the litter becomes wetter {lower solids
contenty, more ammonia wilf be released,
and the nitrogen content of the litter will
decrease. As ditter dryness increases, in-
creasingly dusty conditions will exise within
the facility. A number of factiors influence
litter moisture, When fed in excess, cer-
tain dietary ingredients {especially salt}
eanse birds to consume and excrere large
amounts of water, mesuling in wet litter
conditions. Same drugs stimulate excess

Clay000074
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Hen 4.0 4.0
Pullet ig 1.5
Hzan 4.0 4.0
Pullet 3.0 1.5
Han 4.0 4.0
Pullet 3.0 LS
Hen 4.4 40
Pullat ig 1.5
Hen 4.0 4.0
Pullel i 1.5

Tah!e 1—3. Typ {ai cumrnernai Ia'rer waste prﬂduclmn as remuved frurrs s:ura.g:

Case 4:05-cv-00329-GKF-PJC Document 2197-17 Filed in USDC ND/OK on 06/05/2009

Undercage cullectmn allny smped manuge -

155 25 18
538 3.9 7
High-rise, deep-pit slored manure
138 2.3 6
£1 0.2 ]
tiguid maniere sfrmy £
156 b.} 46
134 23 ¥
Anzzrobic lageon lguide
587 9.4 Fit]
20 315 26
Anaerebic lagoon sfudga
103 1.7 13
4] 0.65 5

Source: Depanment of Eiufugica] and Agricultaral Englneering, Morth Caroling State University

WOTE: Preduction amounts can be highly influenced by leaking waterers, rainfall surplus added
to open storage oits and lagoens, and whether or not fresh water is used for lushing or

cleaning manure eallection alleys.

' Marure scraped from paved alley and collected within twe days
= Anrpal manwge accumulation stored on enpaved surface
¢ Manuge, excess water usage, storage surface rainfall susplus; does not incfude fresh water

for flushing
4 Manure, excess water usags,
for flushing

tagoon surface ralnfalf surpfus; does not Inclede fresh water

' No manure solids removal prior o fagoon treatment/fstarage

water consumption and excration. Bnvi-
ronmental conditions, such as wet and
humid weather or very cold temperatures,
can cause wet liter if the house heating
and ventilation systermn is not able ko elimi-
nate moisture eifectively. Waterers, foggers,
and evaporative cooling pads, if nat man-
aped and maintained carefully, can con-
tribute preatly 1o wet litter problems. Ide-
alby, liker moisture should be maintained
ak 20 1o 23%0.

Amound waterers and feeders, additional
manure and moisture tend to fopn crusted
or caked areas of keter that have different
handling and nuiren: chamcteristics than
the oiher house liter. This manare cake
represents about 30 1o 353% cf the total
litter, The manure cake amund waterers is
usually weter and has a lower nutdent
conlent than the towk liver But the area
arousid feeders is ofien dner and has a

higher nutrient content due 1o feed spill-
age. The cake may be removed with cnast-
ing equipment after each llock of birds.
{See chapter 7, “Application Equipment,”
for imore information about crusting equip-
ment.)

Table 1-7 (page %) gives estimates of ma-
nure and litter volumes that have been re-
moved from production facifities 1o an
outside uncovered stockpile oo an eanhen
surface for storage up 1o six months be-

fare field spreading. The liver mass re-
marved from the stockpdles is, in most cases,
only slightly less than that taken direcdy
froen the production facilizies. absorption
of rainwszter in the stockpiles is offset by a

reduction in solids due to composung ac-
von. Covering the siockpile or storing the
lizer inside a roofed stnecwire reduces
losses and preserves 3 higher-quality lit-
ter. Coverng the stockpie alse reduces the

patential for nuinent leaching or nutrient
lnss to the envimnment in runoli.

NUTRIENT
CONSIDERATIONS

Table 1-8 {page 1) shows cypical uer
characteristics, as removed from open
stockpiles. As can be seen from the table,
phosphoms is conserved in open stock-
piles and potassium levels are only slightly
less than those of house lister. The nitro-
gen content, however, is zbout half thar of
beotler and wrkey house Hier due 1o the
Ioss of ammonia caused by wetling and
resubiing biological activity. Again, storing
litter in a dry structure will conserve nitro-
Een.

Table 1-9 (page 100 estimastes typical ni-
trogen osses berween excreiion and land
application on 2 mass basis. Bedding and
water dilure manure, resulting in less nu-
trient vajue per pound. Substantial nitro-
gen can be fest to the atmosphere as am-
montia. The least nitrogen Josses are asso-
ciated with sluny storage plis, dry-house
whole litter, and moofed storages. Deep-
pit mapure stacking and open stockpiled
liner have moderate to hiph nitrogen losses.
Lagocas have the highest loss.

Phosphomus and potassium losses are usu-
ally negligible, except with lagoons. Much
of the phosphonts in lagoons concentrates
in and is recoverable with the bottom
sludge. Moderate amounts of potzssium
may be lost from epen uncovered stock-
piles due o lezching,

SAMPLING AND
TESTING

The values in tables 1.1 through 1-8 are
estimates based on avempes from large
databases. Acnast farm-specific manure
procducton and charcteristies may vary
considerably from the averages. As-ex-
ereted values may vary up o 30% from
the avesage due to bird peoductivity, age,

Poultry Yaste Maonrgement Hondbook
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Stk

i&ﬁ@ﬂﬁ%ﬁ.

iRt e e ,

Bensity (hs/HY 62 51

TS5 35 53

Y5 (%) 25 iz

COD *{ppm) 27D,0G0 286,000

TEH! 8 34 57 0.6 21
HH}N 14 i2 i7 5.6 6.5
P,0, 3z st 52 i.7 77
K0 20 26 33 10.3 9.8
Cz 4} KL 32 1.1 47
Mo 3.5 5.7 4.4 0.34 re2
5 7.3 4.8 4.0 61 7l
Ma 2.8 13 4.8 1.8 13
CE 4.0 £.8 £.6 3.4 2.4
Fe 2.4 2.8 1.7 0.060 4.8
Mn .29 0.44 0.38 00069 1.6
B 0.022 0.036 0.030 0.0092 0.035
Zn .31 0.3% .39 G016 1.1
Cu 1.034 0,053 0.073 0.004 0. 4

Seurce: Department of Binlogical and Agricultural Engineering, North Carelina State thiversity

KOTE: Albvalues are on a wet Dasis {as excreted)

v Manuwee scraped from paved alfey and colfected within two days
+ Annua! mEnure accemulstion stored on wepaved surface

©  Manura, excess water usage, storage surface rainfall surpfus; does not include fresh water for flushing
¢ Manure, excess water Lsage, lagoon sorface rinfall surplus; does not inchade fresh watar for Nushing
' Ho manuere solids removal prior 1o lagoon treatmentfstoragea

FOTS = total sollds (100 — TS5 = moisture or water content)

r WS = volatile solids; the portion of total soffds driven off as valatile fcombustible) gases
v (0D = chemizal oxygen damand; a maasure of the oxygen-cansuming capacity of inurganic snd organic matler present fn water or waste

or eliet. Variances of 2534 for dry-house &t
ter to as much as 605 for open liquid
manure of 3goon SysIems are Common
because of differences in management or
envieonmertal factors. For these reasons,
where possible, samples of the actual farm
marnure, [itter, or wastewater should be
collectedt and analyzed by local laborato-
des or testing facilities to provide more
aceurate information for planning, design,
znd land application.

Labomtory anzlyses are only 25 accusate
as the sampling method. Care must be
taken to ohbiain a sample that is epresen-
tative of the entire waste volume. if
samples of whole [iter are collected di-
rectly from 3 produection faciliy, take abaut
six subsamples of litter in proportion w
expected variadons throughous the facid-

ity. For example, if one-sizth of the foor
area is cake, take one subsample from this
area and five subsamples from the rest of
the house. It is important to collect core
samples that are taken from the litter sur-
face down to the loer. Mix them together
in a nonmetallic comainer and place abooy
2 to 3 pounds in 2 1-gallon freszer bag
and sezl. From a stockpile, collect abowe
six subsamples from at least 18 inches into
the pile. Open stockpiles often have a wer
surface layer; be sure that the sample taken
is representstive of the entire stack,

Subsamyples of scraped, semi-solid layer
manure shoulkl be collecied either direcly
From the alley or from the manure spreader.
Place 2 to 3 pounds of the subsamples in
a nonmetallic coatainer such as a plastic
jar or bag. Be sure ihe container has ex-

Chapter T: Marure Producition and Charaaeristics

pansion space for any gases that may be
released while it is in lransit to the testing
laboeatory.

Liguicd manure shurries in storage tanks or
tasins must be welt agitated before 2 rep-
resentative sample can be collected. Onee
this mixing has occumed, callect about six
subszmples from the storage tank, agits-
tor pamp, of manure spreader, and place
them in a nonmetallic coneiner. Mix the
subszmples and add about ¥, pint to an
expandable sample container, leaving
about one-guarter of the container emgty,
otherwise, gases released from the manure
may cause mupturing of and spillage from
the contairer,

Lagoon liquid can be sampled directly from
the lagoon by tzking about six subsamples

Clay000076
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'pical ditter produ

e FETRTE

ction, 25 removed from

= 3T
~«J§n

S

Yho'e fitterr 4.5 2.25 i.25

Manure cake* 45 2,25 0.4
Roaster

Whols [itter® 3.0 4.0 2.8
Carnish

Wholz litkers 2.5 1.2% 0.625

Mangre cake* 2.5 1,23 0.06
Ereeder :

Whale litters 7.8 7.0 Z4.0¢
Turkey palt

Whole fitter® 5.0 2.5 1.0
Crower hen

Whole liners 16,0 10.0 8.0

Manure cakat 164 145.0 2.5
Crower tom, light R

Whale litter» 220 . Sa.67.

Manure cake ¥ 220 13.0 3.3
Grower tam, heavy

Whaole Hiter® 30.0 17.0 14.0

Manure cakas g 17.0 4.4
Breeder

Whole litter= 20.0 200 50.0¢
Buck

YWhole Titter® 6.8 ig 4.25

Sources: Dapariment of Biclogiral and Agricullural Engineering, Horth Carclina State Univer

séily and Bepartment of Agricelieral Engineering, University of Delaware

+  Annuval manure and Biter accumelation; tyaical fitter base is sawdust, wood shavings, or
peanut hulls

¥ Surface manure cake removed afier each Nack

«  Tons/[,000 birdsfyear

Lk

Bratear

Turkey grower 2%‘}.0
Cuck 6.0

Source: Departrment of Biological and Agricultural Engineering, Morth Caralina Stale tniversity
+  Annual Fouse manure and litter accumulation removed to uncovered siockplle to be spread
within six months; typical fitter base is sawdust, wood shavings, or peanut hulls

Chagrter T: Manure Production and Characteristics

froen near the ligquid suelace, taking o
not to pick up ffoating debris ar scum. Mix
the subsamples in 3 nonmetallic conminer
and add ¥, pint to an expandable sample
container. If the izgoon liguid is being re-
gycled for undercage fushing, 2 represen-
tative sample may be taken directly from
the header pipe discharge ar fush mok.

Cnce a representative sample has been
collected, i should be either taken to 2n
analytical hab quickly or frozen or refriger-
ated until it can be analyzed. Soeme states
provide analytica] services for free or fora
fee at subsidized rates. Commercial Jabo-
ratories also provide total nutrient and
other parameter analyses. Prices vary ac-
cording 1o the analysis that s requested.

The resulss from a regular sampling pro-
gram should be entered inlo 2 farm-spe-
cific records database. Cnece acual faon
averages have been developed, they
should be useful in making managemene
decisions.
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Tab!el B. T-,'pra! lltter charactenisti cs, as remmed Fmrn upen stur_kpjias

Denslw Hbs ,n"ﬁ’}
TS5+ (X w.b)}
Ve i wh.)

LA
NHMN
?EDI
k0
Ca
#o

5
Ha
Cl
Fe
Mn
B

n
Cu

4 50
ﬁl ot 49
43 a4 32

fibsfron}

33 32 22
6.9 5.5 4.8
7 ki 43
32 i 22
63 4% 34
8.2 R | 5.2
g 7.4 4.5
6.6 57 5.4
13 8.0 —
i.8 2.1 1.5
070 0.76 0.56
0038 D042 0031
a3 .63 G50
0.259 0.42 0.05

Source: Department of Biological and Agricultural Engineering, North Carolina State University
HOTE:All values are on a wet basis fas is). Annual house manure and litter accemulation removed I uncovared stockpile to be spread within
six manths; typlcal litter base is sawdust, woaod shavings, or peanat hulis
* T5 = total solids (100 - TS = moisiure or water cantent}

* V5 = volatife sollds; 1he partion of Total Solids driven off as volatife {combustible} pases
* TKN = sum of ciganic and ammaniz{um) nitrog2e as measured by the laboralory Kfeldahl procedure

¢ Phata not avaifable

Y ,.::"""*“ ﬁi’ﬁs *.

Paved collection alley, scraped®
Deep pikt

House litter ¢

Cpen stockpiled liner -

Lrquid
SluFry storaga*®
Lagaon?

TahIe 1-8, Typical n:trﬁgen rosses dunng handftng swrage and tm&tment

I-40
40-50
25-35
BO-75

20-3
¥3-85

Saurce; Department of Biclogical and Agricu™tural Enginearing, North Carolina State University
+  Nitregen jost during handling, storage, and treaktmznt compared to as-axereled manure

nitrogen

¥ Manure scraped fram layer undercage paved alley and collacied within two days

< Annuat layer manure aceumulation stared on unpaved surfare

¢ Annual manure and liter accumulation; typical ditler base is sawdust, wood shavings, or

paanuk huls

v Annuabhouse manare and litter accamedation removed ta uncovered siockpile to be spread

withln six menths

P Manure, excess water usage, storage sarface rainfall surplus; does not include fresh water

far fiushing

1 Anasrobic lagoon liguid and sludge
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Environmental Re
Hazards

and

LS. livestock and poultry producers must
comply with many federa] and siate water
quality regulations, most of which are re-
lated to the following federat stamies:

* Federal Clean Water Act;

+  Federal Coastal Fone Act Reavhosi-
zation Amendments of 1500,

+  Fedemal Safe Drinking Water Act;

»  Fedent Food, Agrculiure, Conserva-
tion, and Trade Act of 1994;

»  Fedenal Tnsecticide, Fungicide, and
Rodenlicide Act, and

= gther state and local regulations.

All producers should manage their opera-
ticns to comply with the intent of the regu-
latioms. Most states require permits for op-
erations of a pantiadar size, or for those
tar are having a negative impact on wa-
ter quaiity.

BACKGROUND

The impacts of production agdculture, in-
chuding animal agriculiure, on water gual-
ity were historically considered 1o be nan-
ral and uncontrollable. Agricultumlly re-
lated water pollutants were assumed o be
insignificant when compared to discharges
of menicipal ard industrial wastewaters
and typically were exempt from water
quality legislation and enforcement actions,
This policy began to change in the 19605
and 19705 in respoase to public concem
about highly visible incidents, sach as lish
kills in the Midwest caused by beef caule

Case 4:05-cv-00329-GKF-PJC Document 2197-17 Filed in USDC ND/OK on 06/05/2009

feedlot runaff and shelllish bed closures
oa Long ksland, New York that were re-
lated 1o the duck industey.

ENVIRONMENTAL
AND REGULATORY
SETTING

In the past, farmers rasely considered the
impact of their management declsions be-
yonit the farm propeny line. Today, in
agricultural areas adjacent to growing sub-
urban popelations, fields are often
bounded by peighborhoods, schools, or
fand used for other public purposes. Fre-
quentty a deticate balance must be stuck
by the grower who applies poultry ma-
nure fo stech felds.

Environmental regulation of agricuinse is

increasing. Three reasons for more envi-

ronmental regulations for poultry and live-

stock producers are:

+ increased public envircnmental
awareness and concern,

*  preater aumbers of nanzgricaiterzl
mimal residents, and

s bigger farms with more concentrated
poultry and livestock populatians.

Programs for agricaliural pollution conrol
were inittated in several states as eady as
the 1950s. Most of today's public programs
that target agriculturat pollution reach fzrm-
ers through education, financial and tech-

Chapter 2: Environmertal Reawlations and Hazards

nical support, shared paticipation in wa-
tershed planning, and repulation. Often
boundaries and jurisdictions for various
public progrms overlap in confusing
G

COMPREHENSIVE
NUTRIENT
MANAGEMENT
PLANNING

Comprehensive nutrient management
plins {see chapter 6, “Nutrent Manage-
ment”} are developed to better manage the
nutdent resources directly contralled by
an individual farmer. Compiete nutrient
management planning on a livestock or
poultry farm involves many aspects of the
farm operation, incloding the identification
and management of major nuirient path-
ways.

Farm property boundaries usually repre-
sent the borders of 1he system, Nutrients
crossing the famm boundary are manzged
as either nutrent inpats or outpurs. Nu-
trient Josses such as through leaching and
runcff are gererally considered undesis-
able for both econemic and environmen-
tal reasons (fipure 2-I, page 12). Many
states [ink propedly designed nutrient man-
agement plans {with regard to manure dis-
pasat and wtilization} to regulatory require-
Ents.

i!
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i

WATERSHED
PLANNING

A watershed is the arez contributing 10 3
stream, lake, o7 other water body (figure
2-2). Watershed planning and mansgemnent
efforts are coordinated by public and psd-
vate stzkehaolders over areas mnging from
tens o thousands of 2cres. Within a single
watershed, there are often muliiple land
uses and many individval land owmners and
farm operators.

Compuiter soltware is available to modet
and sinulate water zrdf rotrient movement
in a watershed. Hydrolopic and material
transport znalysis of a major watershed is
a complex task. Models require valldation
to improve their acouracy, and extensive
stream monitoring is difficulr and expen-
sive. Usually the Hrst ohjective in water-
shed planning is to approximate the flow
characieristics of the watershed. Limits an
nuirient inpes are developed afterward by
evaluating how watershed chzmctenistics
affect water quality downstream.

A major challenge to watershed planners
ts that many water bodies {and their ac
companying environmental problems) are
not confined 1o agency er political bound-
anies. Controversies may oocur unless there
is interagency or intersiale agreement on
water quality standands and policy issues.
Solving these problems may require arbi-
tration and confliet resolution. A serious

MarmreSiter
EE{HCaticn

"—o\

:'r;

Desp perocolation

YUy

=
qnnnuanunnbnnmnnnnnnmm

Groundaler ﬁ
MichSmEnt

chailenge faced by nuirient management
planners at the watershed level is the lack
of clearly defined common goais beyond
the farm level

PoLiTICAL
BOUNDARIES AND
REGULATIONS

fregulations and nuisance laws eoncern-
ing the land application of poultry wastes
can mange from loca zoning codes and
ordinsnces 10 more comprehensive state
and federal laws. Often, a water quality
violation may he difficult to prove, because
the water qualiey standard is not dearly
wrilten. Common problens associated with
menitering and testing for local farm waste
eontamination in lakes and streams in-
clude:

» the diffuse location of sites receiving
Wasles,

» the intermiitent natre of surfzce run-
off and the nvariahly shon response
lime fer collection of representative
water quaity samples,

* large rainfail evenis that mask can-
Laminants with stoanwaner unoff, and

* the diwtien factor of the receiving
water body.

Regulations regarding {and application sys-
tems should have cleardy defined objec-

\ \-,'i. \ Precipilation

n ‘ ‘
‘l-__ ‘\-‘ \‘ )
.-;I'F 'l-‘t. LI
1{!
T, erect
. i1
§ S, L -_—)
Hire L) "'\1-Il\l-11_‘
Gromdeztas tabia

Forested {iparian)
a beffer ugtaka

tives, yet be written to encourage dialogue,
coopention, and fexibility, For example,
severat vpes of imlgation systems are avail-
able for land application of liquid manure,
Some are better suited for certain types of
manure mixtures, depending on solids
content and gype of solids. Some irriga-
tion systems may provide more uniform
application of liquid manure on a given
site than others, resulting in less probabil-
ity of surface munoff. Regulations should
not be so reatrictive that they remove cer-
tain irigation systems from consideration.
(For more information about imigation sys-
tems, see chapter 7, “Application Equip-
rent.™}

Through the Clean Water Act (CWAY, which
was passed in 1972 and amended in 1987,
the United States has legislated protection
for the nation's water quality. Within the
provisions of the CWA, each state retains
the rght of ownership of the water and
the authority to define its water rights.
States usually retain waler use controls
through regulations for issuing permits,
white local permitting authorities (such as
towns) nommsily control land use. The CWa
initially focused on point sources of water
pollution by adopting the Naional Poliut-
ant Discharge Elimination System (NPDES)
program, which included prewvisions for
pemitting large concentrated apimal feed-
ing operations (CAFOs), including pouliry
sperations.

“""h.

=N =11 :!I:lmva ::nnnnw:n:mm
floesr ::;7

LTI T LT T T T T T 7T7 7 7 7 T T T 7 T 7T T T2 770 7 7772 77 77772 7

Figuez 2-1. Pathways for ranure pellutzors from agricaltural fand to water sources

Jurcer Adapred from Eiguid Manare Aeplicanion Systeats Sesian Manog!, KRAIS-89
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A poine scurce of pollution enters water
waAnsport rowes 3t a distinee, identifiable
Iocarion. Peint scurces czn be easily mea-
sured, and 1heir impact evaluated dircaly.
Major point sources include pipe dis-
“charges from industrial and sewage treat-
meni plants and efffuent from farm build-
inps or solid waste disposal sites.

The U5, Favironmental Protection Agency
(EPA) includes CAFOs in its definition of a
point source. The NPDES defines a CAFO
as a feedlot with over 1,000 animal nits,
The tenm “animal vait™ (6,600 pounds of
live weight) is not consistent among or
within animal species. For example, the
term does not trznslate direcily for poultny
live weight, largely because of dilferences
in bicchemical oxygen demand (BOIY or
cther manvre physical and chemical dif
ferences. {BOD is the guantity of oxygen
used in the hischemical oxidaion of or-
ganic malter ina specified thime, 5t a speci-
fied temperature, and under specific con-
ditions. It is a standard test used in mea-
5uring wastewuser strength.)

Figure 2-2. A watershed
Saurce; Home*A'Spst Ar Environmental Risk-Assessment Guide for the Hame, NRAES-87

Case 4:05-cv-00329-GKF-PJC Document 2197-17 Filed in USDC ND/OK on 06/05/2009

The following poulry numbers are con-
sidered equal 1o 10440 animal units {these
are minimum federal numbers; individeal
stares may have more stice standards):

+ MO0 aying hens or broilees (i the
Fzeility bas continuons overdlow wa-
iering—a very cofd system generally
not in wse todayk;

+ 20,000 laying hens (if the facility has
a liquid mamire handling system);

s 55,000 turkeys;
v 5080 ducks; or

* any combination of the above equat
1o L0 animal wnits.

The requirement for an NFDES discharge
permif for a CAFD depends pa whether
or not it would have a discharge in the
case of 2 25-year, 24-hour storm (see fig-
ure 2-3, page 14). {A 25-year, 24-hour rain-
foll event is the statistically predicted
amount of min from a storm lasting 24
hours anid occurring only once every 25
years.} Discharges that oceur only when
there is a storm event of this size do not
require a permit. Growers with operations

Chapter 2: Environmental Regulations ard Hazards

lerger than 1,000 animat vnits aod who
have discharges even whhowt the occur-
rence of 3 25-year, 24-hour storm 2re re-
guired to obtain NPDES permits.

Feedlots with between 300 and 3,000 ani-
mal units with 4 direct discharge through
a man-made device (such as a2 piped or
with the patential to discharge 1o a stream
are also required to obtain an NPDES per-
mit. However, if 2 complaint is made, an
investigation is wsually initfated, and any
producer, regandless of the size of his or
her aperation, may be required 1o obtain
a permit. This often oocurs as 2 result of
fish kills traced to a discharge {such as
leaching from a litrer stack], in which case
itnes may also be imposed. Having 2 per-
mit may prevent a producer from being
sued under the CWA

Sinoe CWA legislzticn began requiring each
state to develop and implement its own
plan for dealing with livesiock wastes,
states have interpreted the CWA in differ
ent ways. Where the state plans are at least
as stringent as the federal requirements
{states have the option to be more restric-

i3
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tivel, states receive authony theouph the
EPA to operate their own NEDES permilting
programs. As a result, there is consider-
able varation among states,

Amendments o the CWA issued in 1087
were aimed at strengthening and increas-
ing the emphisis on noapoeint sources
(NP5} of water pollution. NES pallution is
defined by the £PA as “the pollution of
our nation’s waters caused by rainfall or
snowmel moving over znd theough the
ground. As the water moves, it picks up
and camies away naral pollutants and
poliutants resulting from human sctiviry,
finally depositing them into lakes, rivers,
weilands, coastal  waters, and
groundwaters.” In shert, the EPA says that
NPS pollution is pollution from stonmwater
and nnoff. Unlike point source pollution,
NF5 pefiation is difficalt 1o locate and con-
trol.

Cmce again, the states were given broad
latitude to develop and implement their
own strategies for dealing with NFS pallu-
tion, Most atates have smarted this process
by prioriizing water quality problens and
defining the likely sources of pollutants
causing these problems. Their findings
sugpest that unoff from agicultural lands,
pasticularly from lands receiving animal
wastes, is 2 leading source of NPS pollu-
tion. Furthermore, recent state count chal-
lenges seggest that tand receiving animal
waste applications, not just CAFO feedlots
and lageons, should come under the defi-
nition of & point source and be regulated
accordingly. Although most states do nat
yet have specific legislation regulating the
amount andd [ocation of manure field ap-
plications, effonts are underway in many
places to tighten permitting requirements.

The Coastal Zone Act Reauthorization
Amendment of 1990 (CZRA} includes
thirty-five states, mventy-nine of which have
Coastal Zone Management {CZM} pro-
grams approved by the Natdonad Ceeanic
and Atmosphere Agency (0AA) These
pragrams, which usually targer coastat
comminities, also have jurdsdietion over
watersheds that drain into coastal waters.
Since federal, state, and bocal autharities

Case 4:05-cv-00329-GKF-PJC Document 2197-17 Filed in USDC ND/OK on 06/05/2009

are now focusing more attention on
reapaint soumces of palhttion, smaller live-
stk aperations in more states are Com-
ing under repubatory soruting.

On a state-by-state basis, there is a wide
raage of regulatory structures in place.
States deffer in tenmns of which agency en-
forces the regulations and which regufa-
Lipas are enforced. Most states have fol-
lowed the federal pattern of regolating
farger cperstions and ignorng the smaller
anes, The recent wend is 10 regulite ani-
mraal apriculiure based on animal concentea-
tions, such as animals per acre or iotal
number of animals. This is patticularly brue
for opertions in heavily populated, envi-
ronmentally sensitive areas. Langer concen-
trations of poultry or fivestock generate
more manare and may be more eorous,
It sumn, the mere neafann people theee
gre in an area and the larger the concen-
tration of powltry and livestock, the more
likely it is that a complaine wilk be lodged.

LocaL REGULATIONS

Localities in many poulry-producing ar-
ers are devieloping and implementing poul-
try fadilities ordinances. Most ordinances
are aimed at reducing nuisance conflicts
between neighbors, providing for ordedy
growth of Jocal areas while protecting ag-
siculture, and profecting groundwater and
surface waler resouces.

Poultry ordinances typically address butld-
g setback distances from public high-
ways, propeny iines, neighboring homes,
incorporated towns, residentially zoned
areas, pubtic wells, and other key features.
In addiricn, ordinances specify minimum
acreages for single- and multiple-poulny-
house complexes and often require nutr-
ent manzgement plans and approved Lit-
ter storage sites. Poultry ordinances usu-
ally require accountabiliey by the peoducer
for all litter produced so that, if sufficient
acgeage is not available to vilize the nu-
trents produced at the complex, an ap-
proved disposition and written contrace is
ea recerd. Nutdent manageawent plans and

Chapter 2: Envirenntental Regulations and Hoazards

disprosilion agreeinents are renewed a:
specified intervals.

Because of the prowing compelision for
Iand use in meny poultry prowing areas,
poultry ordinznces are hkely to become
more widesprezd. These devices can help
protect producers from frivolous laswsuits
and increase farmer awareness of the vahie
af poulery waste as 2 resource for crop
production and livestock feed.

PRIVATE REGULATION

Private regulition cin take many forms bue
usually invelves lawsuits based on trespass-
ing, neglipence, or invasion af riparian
{streambank} righes. Perfuips the most com-
men form for poulry or Hvestock opera-
tions is the doctrine of muisance. One
prominent legal authority has noted that
there is perhaps no more impenctrable
jungle in the entfre law than that which
sugroaads the word nuisance.

Two types of nuisances are recognized by
the couns: public and private. When prop-
ery is used in such a way as to interfere
with the rights of a substantial number of
people, this may be characterized as a
“public nuisance.” If caly the dghts of a
few are involved, it will probably consti-
tute @ “privale nuisznce.” This distinction
may be crtical in a lawsuic for an injunc-
tion. It may be easier for 2 plaintiff 10 win
@ suit for an injunction where a pahblic
nuisance is involved, because the interests
of the public may be judged substantially
preater than the interests of a prvate indi-
vidual. )f an sctiwity alegedly \hreatens
many pecple, government apencies are
normally the parties that file 2 lawsuit al-
teping public nuisance.

A private nuisance is 2 nOniresspasscry
invasion of another party’s interest in pri-
vate use and enjoyment of propeny. It is
aiso an activity “that makes it difficult for
neighbars 0 live there.” Properry owners
have a basic right (o enjoy their property
without unreasonable inteeference from an-
ether person's or pardy’s activities. Activi-

i5
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ties that cause odors, dust, flies, and nojse
arz alt potenial private nuisances.

In recent years, all fifty states have passed
“Right to Famm® {RTF} and other legista-
tion to help defend apainst agriculral wi-
sance cases. The primary goal of BTF laws
is to preserve fammland and prevent it
conversion to residential uses. Generally,
RTF Laws do not peotect poulty or live-
slock operaticns lrom nuisance Fawsuits
stermening {rom pollution or unesual odoes,
Aside from good [ocal fand use controls,
perhaps the best practice o guard against
nuisance lzwsuits is to maintain 3 “good

neighboe™ policy.

REGULATORY
TRENDS IN THE
LivesTock INDUSTRY

In the face of curent consalidation apd
integration i the Ametican poultry and
tivestock industries, more stringent envi-
ronmerital regudations are likely. Especially
for ihe poulry, hog, and dairy industdes,
increzsed prodoction in relatively smalt
regions has led 1o an increasing public
sensitivity o livestock pollution issues.
Palicy respense in the Furopean Unicn
over the last decade may give some indi-
cation of fumwre livestock regulation in
America. In Europe, a stricter regulatory
approach has been applied, including pro-
duction quotas; manuee manifests; 2ppli-
cation standards; and, in some cases,
charges or levies on nutrient inputs. At the
same time, investment in public and pri-

&
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vale research for waste processing has in-
creased, Environmental educarion and lo-
cal mvolvement in policy making have also
increased. The effectivensss of the Furo-
pean approzch has yet to be determined.

In 1994, Ontario, Canada, institated an
Envirommental Famm Flan Frogram based
en the Farmstead Assessment Sysiem
{Farm-A-3yst). Farm-A-Syst was developed
in the United 5tates to help farmers assess
groundwater quality risks thrugh use of
a series of worksheets that cover appro-
prisie environmental topics such as site
evalustion; soil, water, and air quality; farm
wastes; agriculiral inputs; and natiral re-
sources. As 3 result of completing an
environmenta farm plan, Cniardo farmers
may avoid future regultion and also:

» safeguard the health of their families
and livestock,

»  preserve sufface waler and ground-
water guality,

v redoce liability,

s enhance propery values,

*  plin business improvements or ex-
pansions with environmental protec-
tion as one of the goals, and

*  pmovide solid information on which
to base Future environmental assis-
Lance Programs,

Nogth Carling, in response to rapid gowth
in swineg and turkey operations and ac-
compaaying environmental concerns, has
passed numercus pieces of legistation ad-
dressing waste management mles for live-
stock fanns. Legisiation in Notth Carclina
now requires certification of persons
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pefforming land application of animal
waste from swine production. Other states
are adopiing similar requirements.

In 1988, the U. 5. Depanment of Apricul-

ture and the FFA joinly Ssued a Unified

National Strategy for Animat Feeding Op-

eraticns. This stratepy addiesses seven

major national issues:

*  building capacity for comprehensive
nutriest management plan develop-
ment and implementation;

* accelerating voluntary, incentive-
based programs;

+ implementing and improving existing
regulatory programs;

* coondinating research, technical inno-
vation, compliance assistance, and
technology ransfer;

* encouraging industry leadership;

* coordinating data; and

« messurng petflormance and deter-
mining accoundability.

As a rasult of the national suwategy, it is
fikely that state regulations ard policies
will continue ro evoive.

As watershed planning and NP5 pollution
issues evolve, more stringent water qual-
ity standards and nules are likely to emerge.
Crowers shauld get involved in these is-
sues to ensure: 1) that they remain aware
of the concemns and rsks assodated with
management of apphication systems for all
mazures; 23 tiut overly burdensome rules
are not implemented; and 33 that compli-
ance with regulations can realisticaily be
achieved.

Paultry Waste Mavagement Handbook

Clay000085




Case 4:05-cv-00329-GKF-PJC Document 2197-17 Filed in USDC ND/OK on 06/05/2009

Poul

Wasie Manas

Waste management systems are dependent
upon the type of layer, pudler, broilenftur-
key, or breeder house design involved.
Houses are usually either hiph-rise or
single-dloor,

The high-rise Iayer house is normally 40
to 6 feet widz, Sidewalls may be con-
structed of a drop curtain, s drop curtain
with auxiliary fans, of 2 windowless wall
with light and air control (mechanical ven-
tlation}. The watering system typically
cansists of ceps or nipples. Manure is cal-
lected and stored in a pitunder the house,
i may be removed any time during the
hying or growing evcle but is nonnally
emoved when the flock is moved out. Fig-
ure 31 shows the high-rise concept.

Waste draps directly 1o the lower floar of
the high-rise iayer house, if the storage
area (lower floor) is properdy ventilated,
mws of dry mounds or cones of manure
will form along the length of the cape area.
This system limits the amount of daily Fa-
bor needed to manage the wasie system,
Contra} of all excess water is required.
Erinker leakage and blowing mins (with
open-sided houses) can wrn the manure
piles into an unmanageable shuay mix.
Maintaining the meunds or cones at less
than 435 modsture will assise in fly con-
irol.

This system works best with lower level
exhaust fan ventitation, which pulls fresh
air in through controlled inlets on the top
{loor; over the birds on the top fooe; and
down past the mapure, taking moisture,
stale air, and odors cut of the building,

try Housing and

jement

Interior circufation fans may akso be used
in the pit area o improve circulation and
promote maaere drying (figure 3-2, page
15).

Contsolling manure modsiere throwgh good
maintenance and monitorng of watering
systemns wili kelp keep manure dry and
will make clean-out easier. Manure from
the high-rise tuilding can be direcily land
appliad, composted, ensiled for feed, dried
in drying beds, or used 10 genersie bioges,

A standard single-story stairestep layer
house is 30 w0 00 feet wide. Sidewal] con-
struction may be a drop curtain, a drop
curtatn with auxiltary fans, or a window-
less wall with light and air conmtrol {me-
chanical ventilation}. The watering system
may be cups or nipples. Manure js re-
moved with 3 scraper of by flushing toa
tagoon. Flushing is pypically done daily for
23 minutes at 2 raze of 550 to 1,000 gal-
lons af water per menule. Scraping is done
Fwo to three times per week. The manure
Eroen either mede of remaoval can be de-
livered o 2 sivrage pond orto a treatment

Brd cages

Bofd marum g

Figurea 3-1, High-rise poulry fayer house concepl
Scurie: Agricuftural Waste Managenent Fiefd Hardecak, Natural Resources Consenvation Senvica

Chepter 3: Poultry Housing and Waste Monagemen!
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lagron. For a flush sysiem, settling ranks
: or channels can be used to remove the
solids, while the eflluent {s discharged inte

a holding pond or 1o a lagoon. Figure 33 Bid cages
shows a wide-span caged-tayer house with . Exhaut
collection alleys {gurters} for flushing or 1 E f E ! E | i [ {

scrapiag. Fipure 3-4 shows a mechaaical
scraper system for removing manure from
under the cages.

In fully antomated cage systems, the ma-
nure may be removed by a bel system

that runs under each tier of cages. Proper . N
At Bow patiszn . .
management of (he system can gready re- L /Cmés.tngfam
-duce manure moistere belore the manare = PEa - 3/4 — 7 K
is removed from the house. Some systems °2 9 g= 2
" - . ' — - -
have special ventifation ducts o assist in e —— /E_, r M'E‘ - L
drying the manure. This system could be j Bxiausttirs I
used very effectively in a manure compost- 2z He s 13F N B
ing operation with minimum labor input. 15>

Collection alleys are not necessary with a

belr cleaning system. Tog visw of marera Blwane ez

Figure 3-2, Ventilating the manure pit In a typical high-rise poultry huilding

Broilers and wkeys are ypically grown
Source: Livestock Waste Fodlities Handhook, MWPS-18

on a livers Heor housing system. The litter
base {(sawdust, wood shavings, peanut or
tice hulls, and sc on) may be changed af-
ter each flock, or 2 baill-up liner-based
system may be wtifized. In some pans of
the United States, the buile-up litter may
be used for 2 1o 3 years before dleaning,
Figure 35 shows 2 house cross-sectinn that
may be used in the prodoction of broilers
ane turtkeys. Clear-span-truss constuction
facilitates clean-out,

Figurs 3-3. Cage dayer building contept with connection alleys tgutiers) for scraping and
flushing '
Source: Agricuftural Waste Maragement Fleld Handbook, Natursi Resowrces Conservation Sarvice

18 Paultry Waste Management Hamabook
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Figure 3-4. 5ofjd wasta may b2 scraped regulariy {possibly with a mechanical scraped) from the
facility For transport to the fiefd

Source: Agricuftural Waste Maragefent Fald Handbook, Hatural Resources Conservalion Service

manss
spraader

Figure 3-5. Buitding with fitter floor system for broifers and turkeys
Souree: Agricuftural Waste Managenent Fald Hardbock, Hstural Resources Cente rvatlon Service

Chagter 3: Poultry Housing ord Waste Management 19

Clay000088




Case 4:05-cv-00329-GKF-PJC Document 2197-17 Filed in USDC ND/OK on 06/05/2009

Page 30 of 75

Manure Storage

Poultey manure storage allows for oprimum
use of lahor aad equipment and provides
2 roeans of nuirient retenticn, Proper ma-
nure stogage will belp provide envionmen-
1! proteation and may help offset storage
costs by allowing mere effective we of
nutrents as ferilizer. Srarage also provides
furure opportunities for the sale of kiter
for feed or compost feedstock ar other off-
farm sales. However, depending on the
type of siptage method er struchure. se-
lected, the capital cost can negate any eco-
noinic gain,

Bry manures from binds on bter or cage
birds over well-ventilated deep or shalow
collection pits can be handled and stored
a5 a solid matedal. Wet manares fmm cage
birds over belts, scrapers, or flush manure
channels are handied as a sticky semi-solid
ar z fiquid, depending on the amount of
water in the manure. Wet manure will be-
come araerobic very quickiy and will con-
tribure to high odor levels, especially when
it is disturbed 2nd spread. To avoid odors,
manure should be kept as dry as possible
or should be Jand applied or processed 25
sott 35 i removed from the house.

Poultry manure Stordge syslems can [ange
from tempomay piles to permanent roofed
structuzes. The type of system most useful
te an en'erprise is dependent on the guan-
tity of manure to be handled, manure
moisiure cantent, the lrequency o Hming
of manure movemert, the capital inves:-
ment recuired, and sutside envimonmen-
tal and social factars, Seek advice from your
locai Cooperative Extension office or Scil
and Water Corservation Dstrict for ass:s-

20

tance with selecting a manure storge fa-
cility. The Nataral Resources Consenvation
Service (NRCS) has developed design stan-
dards and specifications for poultry ma-
nue storage stroctures.

SoLip MANURE
STORAGE SYSTEMS

Manure Storage within
the Poultry House

Sclid manure starage starts in the poulury
hoase in both floor litter and high-rise cage-
type systems. High-rise houses for caged
birds allow sccumuetation of manure be-
neath the cages in pits that can be entered
with cleaning vehicles from the ouside of
the steucture (see figure 3-1, pape 17 With
floos liner systems, manure is mixed with
the [ister by the birds, and storage ooours
onthe floors through a continuous buildup
of 2 dry [itter/manure mixwie {see fgere
3-5, page 190

The cfeaning frequency of either system is
derermined by the gualisy of the masure
or manuie litter in the house and the
amoent of remaining storage space avail-
able. Wet manures will require mone fre-
quect semova than diy sanures, Typically,
deep-pit and high-rise houses should be
cleaned once or twice per year. On the
other hand, floor systems migit be par
dally cleaned of wet manure *cake” afie:
every fock it not totally cleaned for a
vear or more. Pouliry manore shoold be

maintaired in 2 dry state so that nutsients
are eqnserved, insects and odars are con-
trolled, bird welfare is enhanced, and han-
dling and storage costs are minimized,

A primary management obieciive should
be to select and operate bird watering sys-
terns that minimize water spillage on the
marnure. For example, an old and obso-
lete trough-type watering system used with
floos birds on liver can produce 20 1o 30
cubic feet of wet manure cake per 1,000-
bird flock. Closedbsystem drinkers typically
produce less than 1 cubic foot of cake per

-1,080-bird fleck. In hiph-rise layer hiouses,

water spillage can e solid menure into
a shay capable of breaching the contain-
ment doars and lowing cutside 1o cause
possible envirenmenta] damage and costly
cleanup. The pii should be inspected daily
for signs of spillage, and leaks should be
repaited immediately. Often, with large
operatioas, this task cannot be accom-
plished in a tmely manner. Under such
conditions, consideration should be given
1o installing a water collection gutier be-
Jow the drinkers, so that spilled water can
be transponed for disposal outside of the
manure sorEge phl

Reduced water spillage will
*  save water,

+ improve the prodection esviromment
and resulting product qualisy,

+ reduce ammonia release from the
manue,

v produce better quality litter contain-
ing more nutrients for crop applica-
tinn,

Poultry Viaste Management Hon:dirook
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+  poifuce the velume of manure to be

stored,

» extend the time berween clean-oul,
and

*  oossitly reduce fiy problems.

Additional drying is provided by propery
functioning ventilation systems. Beduced
wentilazion mates during winter contrbute
o wel manure production. Under cages,
air circulation fans within the pit will help
FEmove moisture from the manure (see fig-
ure 3-2, page 15). There is a fine balance
between heat and moisture with winter
ventilation. Too nwch air exchange in-
creases the heae requirements. However,
too litfe aje Mow increases manure mois-
ture and the subsequent release of emma-
nia. A wellinsulated building, coupled with
a well-desipned and propedy managed
ventilation system, will help mainiain the
proper heat and moisture balance and help
keep liter moisture under control. In ad-
dition, better quality litter may be pro-
duced, which conserves nutrients and
makes the litter more valuable for crop
production or other uses. Dollars spent on
mdistiere managenent provide ecomomic
and environmental rererns 1o all phases of
bird and manure minigement,

Manure Storage outside
the Poultry House

Storage outside the house is required only
when mamure must be removed fram in-
side and ne land is available for immed:-
zte manure apphosticn. Cleaning oue high-
rize pits can usually be scheduled to allow
manure applications when needed with-
out additional storage. Caged bird systemns
with manure removal by belts ot scrapers
do not provide in-house storage. Floor lit-
ter houses are pamially cleaned between
focks, while whole-hoase clean-out is de-
termined by liter management schedules

of pouduy inegrators.
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material will shed water. However, the
edges of the pile at the grourd surface
may become saurated and cavse surface
water and geoundwater pollation. Caped-
bird manure will readily soak ap moidure
arud should be stored only under cover with
confining walls.

All storsge systems should be separated
from seasonal high groundwater by a mini-
enum of 4 feet of scil or 2 water-resizant
liner of compacted clay, plastic, or con-
orete. Locate the stomge to avoid wells,
nomafly wet areas, munoff or deainage
pathevays, and cther areas of nning o
starkling water. It is also a goed idea to
provide a grassed buffer around the entire
stOrape area.

Carelul storage st [ocation must consider
insects, birds, and rodents that can trans-
mit or transfer avian diseases. Slomge re-
ceiving manure from many different sites
should not be located near a poultry pro-
duction Eacility.
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Floor manure litter cortains both wet and
dry organic materials that produce heal
when siored in corfined piles. Swmge
structures and compact piles may be sub-
ject 1o spontaneous combustion. Avoid
piling wet and dry [iter together in stor-
age {see “Spontancous Combustion and
Fire Protection” on page 24}, Limit manure
conzct with wood, or provide concrete
wall construction.

Temporary Storage

Open Stockpites

ncovered stockpiles of Aoor manure bi-
ter can be improved with proper construc-
tion. Choose a high, well-dmined location
away from waterways. Construct piles by
dumping manuce to fosm a narow pile of
windrow. The minimum height should be
5 feet, since fower stacks of litter tend 10
become rain-soaked and difficult 1o handte
and sprezd, As the stack & being con-
stracted, drive over it with a tractor, truck,
or other heavy-wheeled vehicle 1o provide
compaction (Hgure 4-1). Dump addiional
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The storage method chosen must profec (O conEte Inge /,// s %
mznute from prolonged conaor with rain- 1 s NECE3SETY N aress - L f‘i 4 .
. o wih Sohly pervious sois. ¥ o v ¥ T
water. This requires a surface that sheds .77 . NRCRTIR o f
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water. A deep, well-tounded stockpile of

compacted litter, manure, and associared L
Figure 4+1. Farming a tersgarary cpan stockpile with a damp eruck

Chipter 4: Manure Storage 2F
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iy e

v e

fitter by driving on tap of the compacied
pile and compad again. Widen the pile
on each side as i s made deeper. Con-
tinue this procedure untit the stockpite has
a deep, well-rounded top surface with
sloping sides of compact manure, Because
slightly wet manore will compact better
than dey manure, the weiter malerial
should be applied to the pile last to pro-
vide a compact surface crust. Where a
bucket loader is available, a deep, steep-
sided pile or wrind:ow can be Formned with-
oul compacting the pile.

Covered Stockpifes

Stockpiles of manore can be protected by
a covering of plestic sheeting anchored
with earth and weights, such as used auto
tires. Insect egpgs, including those of lies
and beetles, are ofien discouraged by heat
and ammonia trapped within 2 well-cov-
ered stockpile of lier. Select the site as
indicated above under “Manore Storage
ourside of the Powllry House,® Locate the
pies nexr natual windbreaks, and pro-
vide a grassed buffer area amund the site.
The manare need not be compaaed Make
a deep pile with 2 wide 1op that (s flat or
slightly dished. Try to segregate wet and
dry manaure to avoid conditions leading to
spomtanecus combustion (see “Spantane-
ous Combustion and Fire Protection” on
page 24). Take care when covering the
pile to avoid tearing the plastic. Anchor
the ground edges by baying the sheeting
edges across a small irench approximately
12 inches deep and backfilling the trench
with soil {figure 4-2}, Small pools of rmin-
water will collect on the top of the pile
arnd kelp hold the plastic in place. Lay ald
auto tires on the top and tie them in chain
Fashion with rope 1o hang down the side
slapes. Inproperly anchored plastic will
become loosened and tear or blow off the
pite. Heavy-gauge {5-mil} polyeshylene can
[ast are or two seasans. Liphter-pauge ma-
terial is not recommended.

Stockpiles with Temporary Ground
Linars

Where temporary stockpiles must be lo-
cated an high-water-table woils, 2 prownd
liner és recomemernded o prevent nitrogen
from feaching to groundwater, A liner mus:

22
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Figure 4-2. Covered slockpile for temporary storage of manure

be accompanied hy a cover. The liner
should Be a sheet of G-mil polyethylene
lzid on the soil surfzce on which the stock-
pile is formed. Prepare the soil sudface by
removing any debris that might puncture
the plastic If the scit is loose, provide some
compaction with 2 wheeled vehicle before
laying out the plastic.

Apply 3 12-inch 1syer of manure over the
plastic before forming the pile 1o minimize
the possibility ef 1eanng the plastic with
the equipment tires. A compacted pile can
be formed. Fold the edges of the biner 1 to
2 feet up the sides of the pile and anchor
it in the manure. Apply a surface cover as
described above for s covered stockpile,
The ground liner will be tom during un-
loading of the pile, and new plastic will
be required ezch year. The ten plastic can
cause difficulties with manore-spreading
equipmeat, and pieces of plastic Ener may
De spread zcross the Feld. Finding a higher
and drier Iocation for pile placement may
Be preferable to dealing with the dilficut-
ties of a temporary ground linet

Permanent Facilities

Stockpiles with Permanent Ground
Liners

If 4 penmnanent location for manure stor-
age is desired, a conceete siab czn be con-
structed on which to place a covered stock-
pile. Using concrete emoves the problems
asscoiated with 2 plastic liner. The con-
crete shoutd be & inches thick, winforced
with wire mesh, and plzced on top of a 6
mil pelyetiplene film over G inches of vom-
pact gravel {figure 4-3). To prevent con-
crete faflure, thicken the perimeter of the
concrete w0 form a footer where traffic
entess and cxits. Grade the site to achieve
mzximum underdrainage. An hnpeoved
gravel roadway will sllow siockgpile con-
straction during poor soil conditions. Con-
strugt a covered, compacted stockpile ac-

~comding to the directions in the previous

section, "Covered Stockpiles.” Anchor the
cover sheet edpes en the concrete glab with
wood poles, concrete blocks, or other
heavy objects.

Bunker-Type Stornge Structures

Phenkers zre permanent aboveground con-
crete slabs with two pamllel watls of con-
crefe or peessurs-dresied, wookden post

Paneltry Waste Manogement Handbook
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and-plank sidewalls. They are identical to
bunkers used for stering silage on live-
stock farms {figuere 4-4} A bunker allows
deeper piling and better compaction of
mzatre (o reduce the otal area required
for the manure storage. An endwall can
be constucted 1o shightly increase the stor-
age capacity, However, loading the struce
iure is more eastly accomplished without
an endwall. A cover of plastic can be at-
tached 1o the walls with balten steips and
anchored with tires. A more permanent
cover of reinforced fabsic with edge an-
rhorage eyelets and a roll-oot crank simi-
lar to those used for tuck covers can be
used, With careful wse, siorage, and re-
pair, the relnforced fabric cover will last
for many years.

Storage Structures with Perma-
hent Roofs

Concrete stabs, bunkers, or other strecitres
with permanent roofs can be construtted
to eliminate the need for plastic covers.
The roof structure must be a clear span
suppored by the outside walls or perim-
eter posts (figure 43, page 24). Interior
posts will ohstruct loading and unboading
and might be ignited if spontanecus com-
bustion conditions exist (sec “Sponizne-
ous Combustion and Fire Peotection” on
page 24}, Roof strucewres must be of suffi-
cent heipht to allow manuee piling and
clearance lor dump trucks, leaders, or other
equipment that may be used. Roofs 12 feet

or higher may require wall panels or cur-
tzins 1o profect the stored manure fiom

blowing rain cr snow,

Bailding designs may be available from
Cooperative Estension offices and 1he
Natural Resources Conservation Service in
each state. Cost-share funds are available
in many states for the consiuction of ap-
proved manure stomage structures.

Permianant Stractures
Varses Tempsrary
Covering

An improved steckpile covered with plas-

tic sheeting provides the best combination
of nutrient retention and envircnmenial

Chapter 4: Manure Storage
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Figura 4-4, Twio types of concrete silos that can be used to store manure
Source: Farm and Home Concrete Handbook, KMWF-35

pratection at the Jowest cost. This combi-
ration of veeatiliey, simplicity, economy,
and effectiveness is rarely found in waste
munagement. Manure litter clean-out on-
der an pacertain schedule makes i dilfi-
cult to plan a manure storage steucture, IF
simall amounts of manure are removed
regulaely, and a large amount is remeved
only once peihaps every 3 years, a per-
manent stueiute capable of holding the
entire manuee czpacity of a pouliey farm

would remain empty most of the time. The
cost of 2 large permanent stucure Is un-
justified with this frequency of need. A
smaller storzge would be insulficient dur-
ing the cceasional major cdean-out, but it
could ke supplemented with a temposary
steckpile when needed. A single stuciure
can be effectively utilized for muliple
houses if cleasout periods are scheduled
1o disparse the waste load.

23
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Spontaneous
Combustion and Fire
Protection

Fires have occurred with stered poultry
litter 2s a result of spontanecus combus-
tion in stockpiles and storge structares.
These fires are caused by selfFheating of
the manure due to ricrobiad activigy. Dur-
ing heating, combustible gzses are released
into the air spaces between manure par-
ticles. if the concenirated pases come in
contact with oxygen at the poper ignition
lemperature, combustion cocurs. Within
the pile of manwre, ncomplete combas-
ting results in 2 charring of the mamuse,
which is evidenced by a black color when
the manure is removed for spreading.
When charred sections of the stack are
exposed o encugh oxyren, an open flame
somafimes resulls,

Spoatanecus combustion is most likely 1o
eccar where litter of various apes {s com-
pacted together in the same pile. The in-
terface between wet (30 to 30% moisture)
and dry litier from different flocks appears
1 be where combustion stans. Typicaliy,
the process oocurs at inernal regions of
the pile 2 te 3 feet from the surface, Spon-
taneous combustion will eocur wo 1o six
weceks after making the pile, if there is 2
preblem.

Prevent the possibility of a fire by prop-
ey stacking manure, Bro not Jayer wet and
dry ligter within ihe stack. Do not fayer old
and new litter withinn 2 stack, When ex-
terding the tength of a stack, do not place
dry litter nexs to wet litter at the stack in-
1effzce. Protect Jiter from blowing rains
by using encdwalls or sidewalls in a s
age stoucture,

Moaitor the stack daily to idantify hot spots
using 2 4-foot-long stein dial thermomezer
fHigure 4-8) If temperawres are above
I00PF, be prepared for action. If tenipers-
tures geach YXPE 2 fire is eminent, and
the marure sheald e remaved from the
stack and spread cut on ground. Have fire-
contro] equipment presert when the ma-
nure is removed, because ignition and
flames may occur. Add waier only to ex-
tinguisa ffame, 2nd remove all of the me-

Timber walls
with Bidz acoess
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Eigure 4-5. Manure storage structures wilh permanent roofs
Source: Agricultural Waste Maragement Field Handbook, Halurz! Resources Canservation Service

e from the stack. Simply adding water
to the stack may extinguish the flame, bus
i wilk also feed the gasification process,
resulting in reigniton fn a matter of hours.
Removing and spreading out the manue
is the only effective contro! of spontane-
ous combrstion.

Before constnecting a building for lizer sior-
age, develop a site plan that allows access
by firefighting equipment 1o the struciure.
Avoid piling manure more than 3 feet deep
next to wooden posts or walls. Make sure
that fire insurance is in eflect.

LiqQuip, SLurry,
AND SEMI-SoLiD
MANURE STORAGE

Wet manure removed from under caged
birds by mechanical scrapers and belts or
by flushing with water cannos be stacked
and requires containment storage. Manure
fiquids and shirees tha are mostly water
fiess than 1298 solids) require containment
in taris or basins constructed of materials
impervious (o water bransfer. Semi-solid
maznure {12 19 2053 solids) does not readily

Pointzd Bp halos push
stam inlg the pila

3-5-foot stem

D—200°F ranga

Figure 4-E. Long-stemmed dial thermometer
far monitaring stockpile temperalure

flow fike water but sl needs containment
walls 1o keep the manure in 3 manzpe-
able raass. Semi-sohd mamires can be
handled with hucket loaders and open
spreaders, Liquid manures must be
pumped and spread with fank trucls, tank
WIAGOS, of irigalion equipment. See chap-
ter 7, “Application Equipment,” for more
information.

Manure that is stored in tanks or storage
pends is normally anaerobic and can be
expected 1o gererate cansiderable odorin
storzge. 1t 9s parttoulardy odorous during
spreading. If edor i likely 1o be a prob-
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lem at the farm siee or during spreading,
wet storage should not be used, or meth-
ods of advanved treaument such as aera-
bic wreatment should be adopted.

“Liguid and shurry manure stomge canbe a

canstructed concrete ar lined steel ank
abovegraund or below ground or an
earthen basin {figures 4-7 and 4-8). Tanks
can be cpen-topped or covered with a rocf
or top. Earthen basins are wsuilly open-
topped but can be covered with a
geotextile {abric. Open-topped storage
structures colleat rainwater, which in-
creases the volume of materdal to be
handled and dilates nuirients. Open-
topped structures are also sipnificant
sources of odor, especially when manure
enters the structure at the top and when
ihe manvre is mixed during unloading,
Botom lozding through gravity or pres-
surized pipe may assist in edor contre)
when manuee dies on the storage suiface
and forms 2 feating crust,

Semi-solid manure stoeage can be 2 nk
or basin fitted with a sloped driveway 1o
allow tractor or bucket loader entrance for
undoading. The storage is usually open at
the 1op. The eatrance of rain and runoff
imay cause some of ike manure o become
liquid, which cannct be eastly handled with
the loader bucket Metheds of allawing
water to Bow away from the manure,
through direcied foor slopes and perfo-
mted dams, 3re not very effective with
poulity manures. & moof, combined with
site grading to diredt runolf away from the
structure, s an effective means of prevent-
ing excessive water in the storage.

Wet manuoe storage structures and hasins
are sublect to high loading pressures on
the sidewalls and banks, These pressures
increase with manure depth. Wall failure
allows the enfite contents of the sioruge

to escape and How overland, which may -

cause environmental and propeny dam-
age. Standards and specifications for ma-
nure storage constraction have been de-
veleped by the Nawmral Resources Conser-
vation Service {NRCS} to ensure design and
construction procedures that will avoid
structural failure. Although maintenznce
assistance is currently not a pan of the
NRCS plans, good maintepance s essen-

Chapter 4: Manure Storage
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Figure 4-7, Aboveground sterage with side pumga and feoling tube
Source: Ligutd Manure Application Systems Dasign Manial, NHEAES-8D

Figure 4-8, Earthzn starage pond
Source: Liquld Manure Apslication Systems Design Morusf, NRAES-50

tial t0 a successful opemtion. For more
information on earthen slosages, see
Enrthen Manure Storage Design Consider
ations, NEAES-HI2, which is listed in “Sug-
gested Readings™ on page 63.

MAINTENANCE

Mainterance procedures for manure stoy-
age are highly dependent on the type of
stracture and the properties of the manure
being held. Maimenance can be descnbed
as effors o ensure thae dry manures are

kept dry and wet manures are kept con-
ined. Maintenanee of solid manure stor-
age systems includes preventing drinker
water spillage, optimizing the effectveness
of house ventilalion systems, securing out-
side stack plastic covers from the wind,
Fepaining any damage from wind or ma-
chines to permanent stecures, and moni-
toring stoved manure temperaiires with
approprzke coniro] measures employed in
fire emergencies. Maintenance of Hguid
and semi-solid manure storage systems
inchedes perindic inspection of walls o
iderify eracs or buckling, periodic inspec-
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In many situations, land applying pouliry
manure as fertilizer is not an envircomen-
tally or economically sound practice. In
this event, the manure can be treated by
some process that changes its physical,
chemical, and biological characteristics so
that odor, nutrent, or cther properties are
improved or moderated to allow on-site
utilization or tanspont to offsie srilize-
tion points.

Treatment systems utilize biologics], physi-
cal, andfor chemical processes. All treat-
ment systems require capital investment,
mipagenient and maintenance costs
{which generally exceed the cost of stor-
age), and handling, and often include uti-
lization of the manure as an agaculiueal
fertilizer. However, treztment systems FLay
aftow the sale of valve-added products
andfor the production of vsable energy
fur sale or for aperation of the farmstead,

ComMPOSTING

Composting utilizes naual bislogical pro-
cesses 10 break down complex omganic
matier {manuse} into humus. During this
process, hest, water, and cabon dioxide
are penerated {fipure 5-13. The heat re-
duces pathogens, insect eggs, and wead
seeds, The nutrents become baund in or-
panic forms, and the manure becomes a
dark brown mixture fcompost) with a low
moistire content and low odor porential
and in which the initia] matedal is varec
penizable.

Compost production requires a3 misture of

Chapler 5: \Waste Treotment and Utilization

fleadsiock}

The carben, peotain, ard watsr in tha Finished compast 45 ¥ess then tat in the ray
malerizis, The Enished compost has mane hemus. Tra volums of the frichad
compost i3 50% or ss of tha volurrs of raw matzrial

Figure 5-1. Aerobic composting: fnputs and outputs
Source: Felf Cuide o On-Farm Composting, HRAES-114

matertals {ingredients) in measured pro-
portions (2 recipe} to provide a balance of
autrients, energy, oxygen, and moisture
such that the growth of aerobic micrahiat
populations within the mixture is epti-
mized. The resulting product {compost)
can be stored, transperted, and wilized in
sgricultural, commercial, and urban settings
without causing undesirable odor or other
environmental conseguences, Compost
productien requires space, time, knowl
edge, management, ingredient matenals,
and equipment beyond that of customary
poultry manure hsndling equipmennt.

Compaosting can tum a waste peoblem into
an environmentally sound marketing op-
poerioniey, However, the production and
marketing of compaost involves manzge-
ment skilf equal to and competitive with
the management skills reqquired in the poul-

try operation. Failure w provide for the
needed parameters in the composting pro-
cess may resull in increased site odor
groundwaler ar surface water pollution:
and the development of unusable, and
therefore unmarketable, composr.

Principles

Composting is 2 controlied natural process
in which diverse osganic materials are
mixed in proponions 1o meet the desired
nutrient, enerpy, and moisture contents.
The mixture is maintained in an zerobic
eondition dudng which keat and water
vapor are released. This is the active com-
posting period. Alter the completion of
ACLiVE COMPOSNng, 2 curd np of hemidifica-
00 process occuss to produce the desired
end praduct—compost.

7
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3

Compost can be made utilizing a vanety
of technofogies that renge from very simple
passive systems to complicated mecha-
nized sysiems, The process includes mie-
ing materials; placing the mixed materials
in a pile, wind:ow, channel, ar bin; moni-
toging the process temperaiure, moisture,
and it sOme sySlEms ORYEEN Concentr-
tion; aeraing the mix through natural con-
veciion, forced alr, andfor mechanical agi-
tation; removing the composted matertal
1o 4 curing pHe or windrow, and finally,
preparing ihe compost for use or safe, The
entire process can be accomplished in 2s
little as three months or 45 long zs severat
years, depending cn the intensiiy of the
manigement and technology employed
{greater intensity = shorter Gme),

The static pile or windrow procedure in-
volves simply forming a pile of compest
mix and allowing composting to proceed
at a slow rate, The piles are sell-aemting
by heat-induced ait movement thiough the
pile tfigure 5-2} This 1- 1o 2-year process
requires little attention.

Static piles and windrows can be aerared
using perforated pipes or pleaums under
the compost, which aids in air passage
through the pile. Passive aemtion relies on
the pipes for airinput and the natural con-
vection throuph the pile as an aie-moving
force (figure 5-3). Active aeration relies an
air pumps {0 push or pull air through the
compost pile, with the exhavse air lilered
shrrough a biofilter for capaure of any odor
ffipure 3-4). Active aeration can be aulo-
maticzlly controlted by monitoring com-
post temperiture and pxygen concentra-
tion. The addition of aeration allows the
production of compost in three 1o five
months.

Windrows can be mechanically agitaed
{turaed) with compost wming machines
or trzctor bucket oaders (ligure 5-5, page
2. The process of lifiing and drapping
the compost 1eplenishes the pile pososity,
which aids in meintaining convective air
flow througf: the pile. The precfuction me
auay renge fom ke to eight moaths and
is lessered as the frequency of teming is
ircreaged,

28
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Figure 5-2, Passive aemtian

Source: Feld Guldz to On-Farnr Compasting, HRAES— 14
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Figura 5-3. Passively aerated compaost pile
Source: On-Farm Compasting Hondbook, HRAES-54
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Figure 3-4. Machanically zarated stzlic pi'e
Source: On-farm Compasting Harndbook, NRAES-54

A variety of agitated channels, rotating
drams, vertical silos, znd other types of
reactors with 3 mnge of auwtomated pro-
cess and feedback controls are available.
These systems can produce compost in
severa] weeks to wwo mombs, but they can
ke very costhy to install and maintain.

{Compost Mixtures

A compost mixture or recipe is formulated
te provide the optimum conditions for mi-
crobizl populsion growth, which results
in high keai production and rapid but con--
wolied compost peoduction. Table 5-1

Poultry Waste Management Handbook
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Put-type windrow tumer

figure 5-5, Special compost turning machines can be usad to turn windrows
Source: Adapted from Fiefd Culde to On-Farm Compasting, HRAES-1 14

TatHle 5-1. Recommended conditions for active (hgh-raie} composting

£E SELE o i 'y

25:1 to 30}

Carbor-to-nitrogzen (£:30) ratio® 201 to 40:3

Mgistera content 40-65%+ $-60%
Cxygen concentration » 0¥ > 15%
Particle size (diameter in fnches) Wy -2 Variable «
Pile porasity » A0 A5-60%
Bulk density {poundsfcubic yard) F00-1,200 800-1,000
nH 3.5-%.0 6.5-8.5
Temperature [ F} 18-150 130-140

Adapted from On-Farm Composting Handbook, HRAES-54.
*  These recommerdations are for actlve (kigh-ratel composting. Conditions outside these

ranges can also yield successful resulls.
¥ Welght basis fwiw)

+  Depends upon the speciic malerials, pife size, andfor weather condilions.

shows the recommended pile conditions
for active composting, Poultry manure may
require mixing with other organtc materi-
als (amendments) to adjust the carborr-to-
nitrogen ratio of the mix. Bulking agents
{otganic of inomganic} may be required 1o
maintain compost poresity for air exchange
in the mass.

Ol grest imponance are spuices of energy
fcarbon) and autrents {primarily aitrogen)
for the microbes. The ratic of available
carron 1o available nitrogen (C:N ratio) is
the basis for compost recipe selection.
Compost mixes should be started with 2
C:N ratio of 2001 to 31, Although microbes
will grow at other ratos, Ritrogen-rich
mixtures (those with 2 ow C:N rato} pro-

Choepter 5 Waste Treatnient and Ulilization

duce anuteaiz and edor while catbon-rich
mixpares Cthose with a high CN ratio) re-
quire a longer process time. Typical poul-
try litter has a GN ratio mange of 81 to
1o:1, while cage bird manure can mange
from &1 to 1&1. Therefore, {o consenve
nitrogen and decrease eddor, poulry mz-
nure must be amended with carbon-rich
matesials, such as leaves, com stover, stall-
prain straw, hay, sawdust, wood shavings,
rice hulls, paper, tree bark, candbosrd, or
other such materials.

The compost mixture must have porosity
to pravide oxygen lo micraorganisms.
Oxypen is present o the air-filled pore
space herveen the particles of the mix.
Bulking consists of adding materizls such

as chipped wood; rwbber; or oiher siatile,

{ocky materdsl 1 10 3 inches i size o
provide better agration. The need for bulk-
ing materals 5 defined by the compost
technelogy used. Practices that involve fre-
quent moving or “mrning” of the mix re-
quire [ess bulking than praciices that are
passive or that force air through the mic
wre without moving the material.

The eptimum bulk density of a compost
miztitre is about 35% of the density of
water. Bulk density of a compost mix may
be determined by weighing a velume of
trizl mix ard then weighing an egual vol-
ume of water. If the mixture weighs mos
than 55% ef the waler weight, then add
mare bulking material 1o increase the air
space and recuce the mix weight. Bulking
materials, because of thefr size or chemi-
cal makeup, may not be 2 desimble pan
of the end compost and can be screened
From the finished preduct for recyeling inta
new Compost mixes.

The compost mix must also have a mois-
ture content conducive to microbial
growth. The optimum moisture range is
between 3003 and 60% water. Higher mois-
ture fills air sprces with water, which de-
prives the microbes of oxvgen, resulting
in cdwrows conditions. Lower moisture
deprives the microorganisms of water,
wi¥ich stops ar slows 1he compost process,
The optimum rmoisture content of 4 mix
can be judped by squeezing a hall of ma-
terial in your hand. A squeezed handfl of
mix should make the palm moist withouwt
releasing more than one or 1wo drops of
water. If the mix is too wet, add additional
dry matedal or bulking material. If the
materiat is too dry, add water oF more wet
materials.

The addition of water to 2 mix should be
accomplished durdng the mixing process
to ensure 3 uniform moisture content
throughout the mix. Simply spraying wa-
ter onte a pile of matedal will result in
most of the water running off the surface
with liele penetratinn. To prevent liguid
from munning down the side, it may be
necessary 1o create a furow at the peak
of ihe windrow and deposit ligeid in the
furow. Some compost mixing and wn-

29
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e e o

irtg machines can be equipped with water
applicalion systen:s.

Same typical recipes for poultry manuee
campost mixes are shown in able 52
Other products can be vsed in 2ddition w
the amendments shown. Also, recines need
o be limited to two-pan mizes. How-
ever, as the number of diferent amend-
ments increases in @ mix, the calculation
of the C:N ratio becomes more difficult and
less refiable. Compuer spreadsheets and
other softerare 2re available to zssist with
the development of compost recipes. Even
with computer assistance, the eompost
recipe showld be tested in triak batches and
adjusted for optimum response.

Process Monitoring

An irdirect indicator of the compost pro-
cess is the temperature of the composting
material. Temperature is 2 response to the
tizar produced by the microorganisms,
Well-balanced mixes that are sufficiently
aerated and mpist generate heat within
several days of the stant of the process.
The temperture within the compesting
muaterial may peak and be sustained in the
range of 135 o 160°F. Compost lempera-
ture, measured with a long-stemmed com-
post thermomeser (see figuee 4-6, page 24),
can be used 1o discover problems with the
compost process. Cool compest is usaady
cansed by a {ack ef biclogical activity. This
lack of activity often resulis from (1 a mix
with 2 high C:N ratio, {2 a moeisume con-
tent andfar oxygen concentration that is
100 high or too low, or {3} a compost mass
that is too small to maintan process lem-
perure {especially during cold weather).
Once the cause is comected, the tempera-
ture should ingezse

The oxygen concentration within the com-
post ran be monitored with in oxygen
probe and meter. Oxygen concentrations
less than 335 dndicate 3 need w aerate,
agitate, or R the compost 1o establish
sufficiert oxygen o support the desirabie
miceoorganisms. Continued low oxvgen
concentsations wilk lead 1o odor-produc-
ing conditions, Temperatnes may be high
during the onset of Jow-oxygen conditions,

ki)

Tahla 5-2. T:.rplcal pn_ailn,r manure mmpust u.ai mclpes

:’Ei#ié-?@fﬁ”’ BRE A
)

Sawdust [4El’.i€,'l . i

Leavas {35%) 4 I
Hewsgprint (6%) LS 40D
Fine bark (423 | g
Corn stover (12%} 3 £00
Straw [15%) 600

Sawd ust {*ttﬁi} 0.6

Leaves (365} 3 B
Mawsprint (6%) 1 1i5
Pine bairk {42%) 0.6 0
Comn stover £13¥) 2 270
Straw (E5%) 2 250

MOTE: Welghts are “as Is” (wet weight} based an typiczl maistere cantent

Recipe = manure or [iiter + amendment + watar

but without exygen comection, the tem-
perature will decline.

Most operators will achieve success by sim-
ply monitoring internal pile temperarures
and aerating when temperaiure begins 1o
drop. The active COMPOSE rocess is com-
plete when the compost wemperaure de-
elines while the axygen and moisture con-
diticns are at suitable levels, and funher
zeration ar mixing will no Janger result in
a lemperatre increase,

LCompost Use

Compost can be directly apphied {o coop-
land, stored for tater use, or fusther pro-
cessed for off-farm markets. If the com-
post is to be macketed a5 a horticultural
produn, i must first be cured. Curing is 2
coatinued biologics] and chemical process
that stabikizes the organic caebon and nu-
tents in the compost Curng oocurs in
piles over a peried of two 10 three months,
{uring is not a drying process, and the
initted moistare of the curng compost
should be 40 1o 34 Cerng piles should

be formmed 1o 2 pezk no more than § feet
high with steep side slopes to shed min.

After curing, the compost shouek? he
soreened to remove clods of compost and
bulking materials. These materials have not
been completely composted and should
be recycled 1o a2 new compost mix. Cured
compost that is pulvenzed or ground o
avoid sceeening will require additional
Cusing tme,

After screening, the compost may be mar-
keted in Bulk or bagged for the il mar-
ket Consistently high-quality compost is
essential 10 maintain repeat sales.

Other Considerations

For marketing, there may be specific re-
quiremerts of the composting site, com-
posting procedures, monitoring and
secoidkeeping, or compbst guality im-
paosed by zoning, environmental, agricul-
tral, o other state and locz] agencies, Seek
thie assistance of these agencies, the Haw-
rak Resources Consenvation Service, and the
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Cooperative Fxtension Service before es-
tzblishing a composting cperation. Foo
miore detailed information about on-ferm
composting, twe excellent references are
avaitable from the Natural Rescurce, Apri-
caltuze, and Engineering Service—the G-
Farm Composting Handbook, NRAES-54,
and Field (fuide to On-Farm Composting,
NRAES-114. Both bocks are listed in “Sug-
pested Readings™ on page 63.

BNAERORIC
LAGOONS

Lagoons are bodies of water designed spe-
cifically to peovice treatment for orgenic
wastes such as pouliry manure. 1agoans
also provide for stomage of the weated
wastes, the liguid portions of which can
be recycled for waste removal from build-
ings ar field applied as a source of water
arud nutrients for erops. There can be no
outflow o surface sweams or growndwa-
ter from a pouliny waste trestment agoon.

LrFLTTy

Farm hgoons fall into two general catego-
pes: agrohic (with dissolved axygen) and
anaerchic fwithout oxygen). Aetobic sys-
tems, when designed and funetioning
properly, minimize odor problems, How
ever, they do not sabilize 25 much organic
matier per anitof hgees volume, and they
must be shallow and have a relatively lage
surface area to naturally assimifate dis-

Case 4:05-cv-00329-GKF-PJC Document 2197-17 Filed in USDC ND/OK on 06/05/2009

solved gxypen for the aerchic process
Etectrically powersd swiface or subsuiface
mechanicsl aerators can be vsed, bot they
increase gperating costs and complexity,
Aerohic processes are rarely used to reat
poultry wastes.

Araerobic lagoons are usually the systems
of chaice for treating poultey wastes. These
systems are designed on the basis of vol-
ume perunit of organic waste 1o be treated
and can decompose mare Hrganic mate-
rial per unit of volume than aerobic pro-
cesses. The discussion belowr relates 1o
anaerabic systems.

Design Principles

Anaerchic lagoons rely on baoeds that can
function withouk exygen. These badera
degrade omganic matter that is dissedved
and suspended in the water. The bacterfa
are tempersure- and oxygen-seasitive, and
the teatment process increases with in-
creased water emperature, lagoons wotk
better in warm climates than in cold oi-
mates. Warmer Iagoons can be smailer in
volume than colder lagoons for the same
waste input. Deep lagoans, insubated and
warmed by the surrounding soil, provide
desirably consisternt water tlemperature and
are preferred over shailow lzgoons, which
are subject to grester influence from air
temperatere fluctiations. The minimum
reeommended water depth is 6 feet. In

—_

f Fresboan {§ ot minimum)

areas with high weater tables, lagoons mus
be construcied gantialiy or entirely ahove
ground level.

Anzerchic lagoons ate designed based an
the expected regional tempemiure and the
organic strength of the inpue waste 2s re-
flected by (s volatile solids £V5) content.
The Matural Resources Cancervation Ser-
vice {NRCS) has estzblished maximum
loading rates or minimum treatment vol-
umes based on temperature regions of the
Enited States. Loading rates range from 7
pounds of V3 per 1,000 cubic feet of wa-
ter in Flogda to 3 pounds or less of VS per
1000 cubic feet in Nonth Dakota.

In addiion to a2 minknum treatment vol-
ume, a [agoon must provide storage {or
the waste volume for a perded of 120 to
180 days; storge of rainfall (ess evapora-
tion) for that pesiod; storape of rainfall lrom
a 25-year, 24-hour storm: event (see figure
2-3, pape 14), dorage for undigested sludge
accumuelation; and storage of any planned
dilution water {figure 5-6). NRCS design
proceduees should be used to account for
these volumes.

Lagoons ean be a single basin or a series
of basins (or stages), With muliiple-siape
lagoons, the first or pamary lgoon is sized
for waste treatment, while the secondary
lagoons provide the storage valume, Sec-
ondary lagoons provide additional eat-
ment but also enflect additional rain water

-\
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Figure 5-G. Anasicbic jagoon crass-section
Source: Agricuitural Waste Maragemant Field Hondissok, Natural Resousces Canservation Sarvice
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in humid regions or provide additional
evaporation in and regions,

fagocn treaiment velemes can be reduced
when waste sireams are pretreated by sol-
ids-Tiquid sepamtion with settbing basins
or screens. The removed solids require ad-
ditional storage ard handling; this may be
justified where fand ares for lagoon con-
structon is resteicted.

Pros and Cons

{agoons pravide fabor savings by allow-
ing water 1o be vsed to collect and trans-
port manure from under cages in poultey
houses. The trested water can be applied
to cropland with imigation equipmens,
which further reduces the labor and en-
ergy of waste management. Because of the
canversion of organic aitrogen (o ammo-
nia and subsequent volatilization losses,
lagooas often provide nutdent redurtion,
which reduces the land area equirement
far waste disposal if nirogen application
is the basis for muedent management. Fa-
goons also provide long stomage times,
which permits Aexibility in disposal man-
apement.

Lagoons may produce odor when sub-
jecied to sudden changes in manure qual-
ity or quantity as a resubt of changes in
paultry feed or an Increase in bird poms-
fation beyend the design capacity. Odor
is also released in the spring and fall sea-
sons in regions of near-freezing winter
water temperatures. Poody constructed or
poosly maintained [agoons ean leak 1o
groundwater, and failed embankments can
cause significant eavironmental damage
resuiting in fines and other ltegal anion
against the management. Lagoon effluent
has a much lower nutrent concentration
than manere, but the zccumutated sludge
iny the bottom {5 typicaliv very high in phos-
phonas. Althcugh lageon water is move-
able with pumps, there is maoce of it 10
mewve than there is ormanic olids. Using
lagoons and irrigation for waste disposal
miy require special stare or focal peraies
that specty site [ocation, buller areas, crop-
fand nuikent and weler management, zrd

32

athier items. Although 8 will vary with the
specific lagoon, imigaticn of poulry lagoon
fiquids can result in significant odor re-
lease.

Lagoon Construction

Lagoeon construction should follow the
standanls and specifications of the Naty-
2 Resources Conservation Service, unless
they are preempted by local sepulations.
Requirements include speciic site quali-
ties reganding geology, depth to ground-
water, buffer areas, embankment height,
and oiher fremns, as well as definitions of
inlets, emergency outlets, materials for
impervious liners, and construction details,
Constnuction and eperation permies are
usually required by state or local agencies.
For more detailed information about Ia-
goon consiraction, see Farthen Hanure
Storage Design Considerations, NRAFS-
109, which is listed in “Sugpested Read-
ings” on page 63.

Lagoon Management

Kew lagoons or lagoons that have been
eleaned should be filled with water to at
least one-halfl their design treatment vol-
ume. Startup should be scheduled for the
spring ot eady sumumer seasaq 50 1he bac-
terial population hias an opparunity 10
develop before the water cools in the win-
ter. Colibseason starmup will result in of-
fensive odors for an exended pernod of
time. Add manure regutarly and frequently.
Adding liquids from a well-furcrioning [a-
goon 35 a2 bacterial “seed” will assist o
establishing a bacteral popealation. New
lagoons generaly require as much as 2
years 1o become fully operstive when
loaded in a consistent manner accending
Lo their design,

Lagoons must be [osded frequently and at
2 constant mate. They work best o sia-
lions wiere waste flows are almost con-
tinuous, a5 from sequential Rushing of
multiple manuee collection pits. Infiequent
demping of [arge flows of manure or clean
water inte a [agoom may upset hiokogical
stzbility in the lzgoon and result i oder

production. Cdor is the major offending
aspect of lagoons and a common cause of
friction with neighbors,

The pH of lagoon water should be moni-
toied as a regular practice. Low pH (<6.5)
is an indicator of unbalanced bacterial
population, which can result in odor. Daily
addition of hydrated lime ar rates of about
1 pound per 1,000 square feet of lagoon
surface should occur as 2 remedy until the
pi stabilizes between 6.7 and 7.2,

Remove liquids from lagoons whenever
possible as determined by a nutrient man-
agement plan. Always maintaln enough
starage volume to hold minfall from a 25-
year, 24-hour storn (see figure 2-3, page
14, Unless totally cleaning a lagoon for
maintenznce, do not lower the water level
below 1hat needed for the base treatment
volume,

Installation of a depth gauge on a post
with maximum and minimam depth maks
will aid in defining pumping neads. Ac-
count for the pumping rate of the iriga-
ton equipment in judging the time re-
quired 1o draw down the water level in
the lagoon.

AEeroBic DIGESTION

An anaerchic digestion process converts
organic matter to methane, carbon diox-
ide, water, and other products through
microbial activity in the absence of oxy-
gen. The key microbes require the pres-
ence of addition of heat in order to main-
tain their activity. The methane produced
in this process is a combustible gas that
can be captured and used as a fuel for the
production of heat or the operation of in-
terns] combustion enpines, The heat or
mechanical eaerpy can be converted to
elecericity {fipure 3-7

Controlled anzerchic digestion of liquid
poultry manute in closed digesters can
provide organic degradation, edor control,
and 1he preducion of bogas. Digesters
are insubated, ainight containers, uswally
tanks or covered lagoons, that are tem-
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Figure 5-7. Dizgram of anaerobic digestion process
Sourge: Adapied frem Anoerchic Digasters for Dairy Farms, Butletin 458, Departmant of Agriculiuzal

and Biologicak £rgleesing, Corneff University

perature-controlied 1o maintain an envi-
ronment ideat for the growth of anzerohic
bacterial populstions. The bacterda feed on
the maonure, changing its physical and
chemical makeup while relessing water
vapor, methane, carbon dioxide, and other
products such as hydrogen sulfide and
AMIMOTHR.

Principles

An impornant aspect of anaerobic diges
tion is that the process is carred ot by
living orpanisms. & biogas plant is, in es-
sence, 3 strucwiral "cow”™ that requies a
consistent feeding program of balanced
eqlegy, nultients, and water at an optinmin
rempenature. Changeng notcent or pH con-
ditions, introducing excessive amounts of
antibiotics ar wxins, losing Leat that re-
sults in tempeture decline, overfeeding
or underfeeding, or any other deviation
fronn required practice may reduce biogas
vield or may cause iotal systent failure.

The hiogas production rate increases with
increasing digester temperature. Past de-
stgns in (he thermophilic femperatare ange
of 120 w 140°F proved difficult to main-
1ain, because thermoohilic bactera ae very
sensitive (o environmental changes, znd
tiie enercy reguired to heat the digester
substanially subtracts leom the energy pro-
Guced. Mesophilic digesters maintained st
835 to 104°F produce biogas at a lower rate
but require less enerpy and are less senst-
tive 1o environmental changes.

Chapier §: Waste Treatrrent and (Hilizavicn

Biogas production is also 2 function of the
time period over which the manure resides
in the digester. The longer the residence
uime fhydravlic retention me, or HRT),
the grearer the total aenount of hingas pro-
duced. As the HRT is increassd, so is the
vost of ehe digester. Digester designs have
usually used an HRT of aroand teenty days
as a compromise berween biogas produc-
linn and cost. layer mamore treated inoa
wweenty-two-dsy HRET mescphilic digester
will require a digester tank size of about
70 cubic feer per 1,000 pounds of binds
and may produce 73 cubic feet of biogas
per day, However, digester size and pas
procuciion are highly dependent on the
panicuelar design 2nd quality of manure
used.

Covered lappon digesters provide low-tem-
petature {psychrophilic) biogas production
at a iow rate, bue the long HRT (sixiy o
eighty days) of a lagoon allows for most
of the methane potential of ithe manure o
be realized, Iagoon digesters have an
added benefit in that the bioges is ckeaner
and 1 to 15% richer in methare than
biogas from a fank digester. Advances in
the development of Jagnon covess and gas
collection systems are expected to continue
as the econgmic advanage of lagoon di-
gesters becomes mare apparent,

There is practically no reduction in the
volume of manuee that must be stored,
disposed of, or utilized after anaewobic di-
gestinn, znd the digester contents will be
preater than the eaw naanure npay, since
diluticn swater is necessary in the process.

Creray bsse

Tre ability 1 wilize or sell biogas-pro-
duced eneegy has a significant impact on
the economics of the process. Biopas is
used as 3 replacement heatng fuel for
boilers and fumaces, or for the produc-
tion of electricity theough use as a fuel in
an internat combustion engine that drives
a genenator. Only abour 7084 of the biggas
produced in mesophilic digesters can be-
come nszble heating fuel; the remainder
is directed back for digester heating, I elec-
wricity is produced, efficiency losses in co-
gerenation will provide marketable energy
of 20 (o 3% of the biopas potential. The
remainder will be Tost as heat, which can
be reclaimed 1o supply the digestion pro-
cess of for other heating uses.

Riopas has a Jow energy density of 19 o
22 mepgajoules per cubic meter (M)/mY)
{300 to 6400 BTUs per cubic foot). The most
viable aliernative is to consume the gas as
it is preduced. Because most sitvations do
not have g consissent need for heat (other
thar the need 10 maintain digester tem-
peratore), some of the energy may be
wasted. Biogas can be compressed at rea-
sonable pressures hut not liquefied. Sior-
age of biogas energy is volumetrically in-
efficient. One volume of diese] fuel holds
the same amouck of epergy as 130 vol-
umes of compressed biogas at 1,380
kiloFascals {200 psigh.

Most farms €o not have 4 consistent re-
guirement for electicity throughout the day
or year, During periods of low eleciricity
use, some hiogas-produced electricity may
be sold io the eleciric utitity, Puring peri-
ods of high electricity use, all biogas-pro-
duced electricity may be vsed, and possi-
bly some utility elecricity will be pur-
chased. Usvally electricity sold o a widity
is priced at the replacement value of wil-
ity fugl, which s ooly a fraction of the
eharge for buying electricity from the util-
ity. The most valuable use of bingas-pro-
duced electricity is in aveiding the hish
cost of purchasing electricity from a
utility.
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The net predicted economic return for
biogas prodection and conversion o en-
ergy is highly dependent on the facility
capits] and maintenance costs, the use ar
sale of the energy, and the use or sale of
the digested manure. The acual econcmic
refrm ds influenced by the degree of man-
agement and maintepance attention given
to the details of eperation.

The economic return from the enegy pro-
duced is snurginal. Typically, a term of 7
to 18 years has been reguired before en-
ergy income exceeds fized and varable
costs. However, well-esigned systems can
be expecied to have a useful life of 15 1o
20 years and would provide profitable
opemtion for haif of that life. Fhis eco-
nomic sitbation may be sadsfactory on a
faren that is intended to exist for many years
and that can survive short-term economic
loss. Howeever, investor capital requires a
greater, more rapid rae of reum, which
almost eliminates the feasihiliey of inves-
or-financed biogas farilites,

Advantages and
Disadvantages

The process relies on anserobic bactesia
to degrade manure in a closed system,
which provides process odor control, The
digested manare has 2 low edor level, Plag
nuthents are conserved, and the digested
manure has a fertilizer value approximately
equal 1o that of the input manre. Biogas
prodocicn will aot reduce the nuidents
that need to be managed on the farm,

Anaerobic digesters have Deen plagied
with problems in ke pase. About 66% of
the systems construcied since the middle
15705 in the United States have failed. The
technclogy must be considersd transient,
as new sofurions ae being develaped to
overcome problems with materals han-
dling ecuipment, gas utilization, cash fow,
net economic return, and management
skilf. Covered lagoons show premise as
Iowercost digesiers, but i is difficult m
practically manage their temperature.
Therefore, their potential is greatest in
WATITL TCEIS.
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The most profitable biegas plant oper-
tors convert or utilize every possible pan
el the manure and energy into sales or
aveided costs, Excess heat energy nomally
lost from the process is adlized in special
ventures such as greenhouse or aguacul-
tural feating. The digeszer liquid fmction
is boatled as a nuthent amendment. The
solid fraction s dred using excess heat
and bagged or blended with compeost for
sale as fertilizer i gardeners. These activi-
tizs requite the development of spedal-
ized markets and additional investment st
increase the economic retuen from the
manure, 3t shovld be noted that these aux-
ikiary enterprises often require 25 much ar
more manzgement than the base animal
ENTEMIise.

There is a renewed interest in bicgas pro-
thuction for environmentat protection. Sys-
tem construction and operation are con-
sidered environmental protection costs for
redducing cdor emissions or reducing other
gas releases to the simosphere. This ap-
proach alters the econcenic analysis such
that the marginal retern from eneigy may
be more accepiable,

Digesters are adaptable for the reatment
of liquid waste with a solids content less
than 12%. 1t is impractical 1o figuefy diy
waste solely for the purpose of retieving
methane for the prodection of energy, In-
complele anzerobic activiey occurs in lig-
uidf manares and resulls in release of cdors
during stosage and field application. The
problem of odors s acute where liguid
manure from 2 farge number of 2nimals is
stored. Complete anaerobic digestion re-
duces the volatile components of the ma-
nure, resulting in a weated effluent that
can be stered and ater applied o ciop-
land with reduced edee Wheee odor con-
tral is required for the operation of the
aninizl enterprse, the production of en-
crgy may be of secondary impoctance,
Some anaercbic digestion systems have
been installed without the energy conver-
sicn companent o obtain a reducdos in
farm edor fevel.

hrecT
INCINERATION

Dry manures can be humed either alone
or with cther fuels for the production of
heat. The heat can be used {or space heat-
ing, industrial processes, and peneration
of electricity. Manure has greater energy
value as a direct burn fuel than as a biogas
soarce, because almest all of the energy
in the manure can be released theough
buming. The amount of this energy aciu-
ally captured is dependent on equipment
efficiency and manure maisture coqtent,

e

On-farm use of heat energy from burning
pouliry manuee s limited by the enerpy
demand cycle and the design of smail fur-
naces. Seasonal heating of the farm resi-
dence and animal stuctures is feasible.,
This may require only a small postion of
the manure generatedd on the farm and may
not be 2 ot solution to the waste dis-

posal issue.

Burning raw broiler litter in small conven-
tional Rarnaces has presented problems of
incomplete combustion, stag formation on
the grates, odors, panticulate emissions, and
loading difliculiies. A potentially difficalt
problzm is that most of the nitrogen in the
manue is volatilized into unknown forms
for release, along with other compounds
and paniculates, as stack emissions.

Manure could possibiy be used as supple-
mental fuel in large coal-burning electric
generation plants. Some electric compa-
nies have investigated using braifer kitter
with coal but have abandaned the idea.
One tria} Biled becanse of slagging in the
bottom of the furmace. Another problem
was the inzbility o ensure a reliably large
and inexpensive supply of manure when
contracting with a lasge group of farmers
on an individoal basis. Successful enter-
prises have been repoded in the United
Kingdom, where one plant selies wotally
on poulry fiter as fuel 1o peneate elec-
tricdy.

Approximately 26 mass units of broiler
roanee &t 3004 moisture weould be required |
to supply the same energy 35 one mass
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unil of cosl. The butk density of broiler
mamsre i5 [ess than half the bulk dernsiy
of coal. Therelnee, five 1o six volumes of
broiler litter woukd be required w replace
the energy avalable in coe volume of coal.
Considerzble change In maierals handling
anit storage would be required 1o Fzctli-
tate refiable use of broder manure as a coal
substinse. It is difftcult 1o predict a sav-
ings for the utility when the amount of
materizl to be handled must be increased
by sixfold (unkess the wtility is poid to re-
cefve that material). Withour the assurance
of an economical and reliable broiler ma-
muee fuel supply, the investmeni in
changeover facilities is at great risk.

The failure of conventional indastrial bum-
ers can be overcome by thenmochemical
gasification of the manure and combus-
tion of the gas {*producer pas"). In this

Chapter 5: Waste Treahmant apd Utilization
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process, mamure cndergoes incomplele
combestion in a limied-oxygea atmo-
sphere {very much liie the spontanecus
combustion provess described far solid
manure storage on page 24). A vanety of
pasilication bumner systems are avaable.
& small onfarm system for heating and
several central elecric power sations have
been developed in England.

Brailer liter can be wsed 25 supplementat
fuel in biomass-burning facilites and
waste-lo-energy systems for bumning nrban
garbage with lule change in faciliy op-
esation. Litter may be of value for improv-
ing the consistency of the enemy contery
of the gatbape mix in a waste-to-energy
plant. These plans normally have exhzust
scrubbing equipment so that nittogen can
be capiored.

Inorganic ash frem buming lieter can be
utilized as a soil amendment and may have
some fenilizer value that can be used
generate addiional income. However,
mixed ash from waste-to-eneqgy facilities
requires disposal at approved lzndhlls, or
other alernative uses, and generates ad-
ditional cost. Because burning manure
desitoys onganic matter, the long-temn con-
sequence may be 4 general reduction of
agriculiural soi] organic content, assuming
the manure would have been used as fer-
tilizer.

The current econcmic siteation in the
Eaited States with the relatively low cost
of petroleum fuel hinders the adoption of
expensive thermochemical conversion pro-
cesses. Thennochemical conversion may
be a leasirost akernative in concentrated
pouliry-rezring areas, where manure dis-
posal is zn environimenial problem.

15
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Nutrient Management

Land application is a responsible method
of using manure lmom poullry operations.
Pouliry manure can impreve the soil
through the natural recyeling of nutrients
far plant growils and through the addion
of organic matter that improves soil tlth,
When managed properly, land application
of manure can be used to sustzin inten-
sive crop production while minimizing
external fertilizer inpuis. However, the soil
anc water systemns that are vsed to recycle
mznure have limitations that must be rec-
ognized and accommodated. Giherwisze,
the tand apglication of manure may dis-
tFibute nutriends, erganic matter, and patho-
gens in 2 way thal degrades water, sail,
air, and crop qualiny.

Hesponsible Jand application begins with
proper site seleciion. Site evaiuation should
be driven by the goal of preventing polic-
ticn while maximizing the use of mstdeats.
Tre envicomental regulatory climate with
regand 1o land applicaticn of animal ma-
nuees has become increasingiy steict as a
direct response 1o concern about the
public’s health and welfare. A poultry
grower has an added concern: the eco-
nomic wel-being of his or her operation,
The outcomes of both concerns depend
upon the wise use of rescurces under the
direct control of the grower,

Redudng nitrogern: and phosphorss enrcli-
ment of gioundwater and sueface waters

itas become a societal goal, Natonat and

regional water quality coacerns, in com-
binalicn with notdent monzgement regu-
laticns adopted in many states, have oe-
ared awareness about the need for efl-
clent nulrient maragement in agriculure,

15

Good mutrient mamagement planning:

*  matches the nutdtional requirements
of growing crops with leltover nutrd-
ents in soil,

» substinntes poultry manure for crop
nuirent needs to the extent possible,

» accounts for green mazanre crops
plowed into soits,

= makes up nutelent shortfalls from the
above sources with careful inoiganic
fertilizer applicatinns, and

+ maxzimizes {eeding efficiency to re-
duce nutrients excreted by poultry.

In this way, pollution of groundwater and
swrface waters is minimized. Crerappli-
cationy of nutrients increases the potential
for mutdeat Josses into zir and water re-
sources. The mose efficient and compeni-
tive farmess recognize this, and regulasory
apencies are inceasingly requiting nate-
ent management planping. The lack of
farm nutrient management planning often
resulls in poor wilization of on-farm re-
saurces and purchased inputs.

To be successful, a nutrient management
plan must combine knowledge abaut:

* autdents entering, leaving, and re-
maining on the fams;

* nurient zpplication schedules—to
ensure that the rate and timing of ma-
nace and fertilizer applications ae in
concer wilth crep requirements;

+ crop selection amnd rottion —to im-
prove nutrient silizaticn and reduce
runoff and erpsion; and

= poullry mznagemnent and raton bal-
ancing — o minimize autkents ex-
creted or to ensure efficient recycling
from hirds 1o crops, and thea back 1o
birds,

Farm NUTRIENT
BALANCE

Farmstead nuirent management inveolves
balancing “inpus® and “outputs” of mutri-
ents fog the total farm. Farmers shoold rec-
ognize the quantity of nutrients ecntering,
lzaving, and remaining on the farm to be-
gin to undestand nutrent recycling. Fhis
will help determine managemen optians
to make best use of rescurces and to mini-
mize: losses into the environment.

Nutrients are usually brought on the fanm
in purchased products such as feed and
fertilizer {figure 613, Additionally, conver
sion of armospheric mirogen (N} by le-
gumes and M contzined in precipilation
are other spurces of farm N Nutrieats fde-
ally leave the farm in prodects sold such
as crops, meat, and epgs. When the sys-
temn becomes unbalanced, putrents are
more likely to leave the farm in renoff, by
feaching into grouadwater, or in eroded
sedimert. When faem produceion is not ted
i feeds grvwn on the famm, it becomes
critical that excess nutdents be transported
to other farms =o they can be utilized as
fertilizer of animal feed,

Awailable land is the most seripus lmiting -
factor for nutdent planning swhere pouliry
liker and maauee are irvolved. Based on
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Figure 6-F. Nutrent pathways an a typical peuliny farm
Source: Adapted from Liguid Monure Appiication Systems Besign Marual, NRAES-§0

nufrient content, adsquate land must be
provided for effective wilization of Lter
and manure. On farms with high bird den-
sities, liter may provide mere nutrients
than: can be uilized on the farm with the
land and cop rotations involved, Alterna-
tives io lack of land inclade more com-
plete waste treatment, composting, pro-
cessing into other fentlizer products, and
off-sitz wilization. See chapter 5, “Waste
Treatment and Uilization,” for mome in-
farmation.

Limiming NUTRIENT

Mitrogen (N), phosphomss (P), and potas-
sium (K} are the major plant putrients in
litter and manure that are normally man-
aged. Mitrogen is one of the key plant
autrients in pouliry and other organic
wastes. It is also a mzjor pollutant in ex-
cess amounts and is highly mobile, moy-
ing with water through leaching and run-
off,

Phosphorus is leackable to a Tesser depree
than nitrogen, but it is an important source
of surface water pollution through atach-
ment 1o sediment and solubility in ounolf
A major problem with phosphorus is that
a relatively small amount is required by
croeps. When the lier or manure is ap-
plied ar rates high enough 1o satisfy alt

Chapter &: Nulriznl Management

crop W requiremnents, P tends 0 accumu-
late in the soil over fime. A5 P levels in the
snil become efevated, osses through ero-
siva become more and more serious, al-
thaugh salubifity in groundwater and run-
eff may also be of concemn wilh some sauls.

Potassium is moderately soluble in water
and can be wransported in runoff or by
lezching. However, it is generally fixed in
most sails doough eactions with soil cal-
cium, sodium, magnesivm, and ammo-
nivm. When applied at agronomic rates,
K is not generily associated with water
quality problems,

Rutrient managemeni phans, which include
manure and ether organic wastes, should
be based on either N or P as the limiting
nuirent. The accumulation of P and K in
soi] can be monitored through soif testing,
On the other hand, N does not apprecia-
bly accumulate in soil, and mach of the
soil N can be lost by leaching znd denitr-
ficatice. Furhes, soil N cannct be easily
monitored through soll testing, since the
availability of N in the soil is difficult wo
measure and predict due o complex N
reactions in the sail system.

Sails that have regutarly received litter or
manure applications over time based on
crop N requirements are frequentdy high
in P. This is due (o the typically unfavoe

able mitio of N zo P in animal and poultry
wastes compared to the N 1o P mos usy-
slly required for crop production. Ofen
these scils are located in egions where
high coneentrations of poultry and other
tivestock are found. If stedies indicate se-
rious environmentat impacts of high-P soils,
the land base for many growers will be
fnadequate, and prowers will be forced to
find other off-farm uses for their fanm
wastes. A few states have already adopted
a P basis for manure and Jitter applice-
tions.

For the present, many growers will develop
nuteient maragement plans based on N as
the limiting nutrient. It may not be praci-
cal to limit applications to a P basis, since
sufficient acres would not be avaifable for
saeisfying disposal requirements. However,
it {s ienportsnt to monitor seil P levels and
manage fields to prevent P levels from ris-
ing too high. Management iethods avait-
able include application to felds that have
not recetved litter or manure in the past,
crop rotatians (o “mine” P in years where
lields do not receive litter or manure, uze
of lzed zdditives that improve efficiency
of leed-contained P, and export of litter or
manure o predominantly non-poultty or
non-livestosck areas.

FARM NUTRIENT
MANAGEMENT PLANS

Many states currently provide technical
support for farmers to develop whaole-farm
nutrent management plans. While many
farmers may be comforable developing
their ewn plans, regulations in some states
may require that a total strategy for nue-
ent management be developed and certi-
fied by state officials.

The most simple nutdent management
planaing principally focuses on applying
liter or manure in place of commercial
fenilizes. More sophisticated plans consider
a number of other factors that may also be
imporant. Reconls should be kept on 2
fietd-by-field basis 10 be sure that proper
credit s given for accunwelation af “left-
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over” nutrieals. This will ensure account-
ing for the predicied rate at which the vari-
ous forms of organic N are mizeralized to
available N for the litter or manure in the
vear that it is applied, as well as for previ-
cus years” applications. This mfermation
will be of value in the yearto-year plan-
ning process and in reconciling effects of
manure applications with soil test results,
crop yields, and other fasm pedfommance
measues. Adjustments will be required
from ime to time if the plan is 1o be suc-
cessful. Development of a comprehensive
nufrient management plan and records
should include the steps discussed below,

Petermine Animal/
Poultry Density

It is fmportant that encugh cropland be
available 1o meet the wiilization needs for
the manure from the livestock and pouliry
being grown on the fann. An increase in
the number of anireals will regaire 2 cor-
responding increase in the cropping in-
tensity required for wtilization, Fhis migh
Involve an increase in acreage, a change
in crops produced, or adoption of mul-
ple cropping systems. Appropriale ani-
mai-c-land ratios help prevent excessive
applications of outdents and may encour-
age the use of homeprown feed, thereby
reducing the import of murients in pur-
chased feeds. IF this principle cannot be
adequately met, It will be necessary to off-
set crop acreage limitakings by exporting
Etter or mranure for use on other farms that
can appropriately utilize the manure nu-
uients.

Analyze Feed and
Balance Diets

Poubiry feeding programs can have a ma-
for impact on the manoure nuatrients that
must be managed each year. Overfeeding
nutrents is not economicz! or envimenmen-
tally sound. thse feed analyses to monitor
the: quality of feed and 1o ensure that diets
ere properly balanced. Become informad
about research developmeets in pouliry

18

nutriiton and management that may help
reduce the excretion of muients in bird
feces. Enzymes are now avaifable that en-
able fowering of minesmt P in hind feces:
they may be commercially feasible Jor
larger poullsy companies,

Determine the Amount
of Manure Produced and
Collected

This will aid in estimating the quantity of
mznure and nuttents that must be man-
aged in the land application program. Es-
timates of manure producton are avail-
able from many sources. Refer to tahles 1-
1, 1-3, and 1-6 in chapter §; other produc-
tion data are avaifable friom ASAE and the
Nawral Resources Conservation Service. If
available, use your own records for the
uantity of manure removed friom prodiec-
tion buildings or removed when buildings
are cleaned between flocks.

Analyze Manure to
Determine Nutrient
Content

Perodically have manure samples ansiyzed
for autrient content. Analyses should be
dene frequently until 2 farm trend is clearly
established. The amount of nuttienss may
vary considerably from famm to Farm. Some
typical wahues are shown in tables 1-2, 14,
1-5, and 3-8 in chapter 1. The method of
management and handling of manare wilk
determine to a targe degree its value as a
plant feod. Simifary, the level of manzge-
ment of the poultry house (frequancy of
litter change, moisture in litter, ventilation,
and other related Faciors) will influence
the retention and forms of nitrogen con-
tained in house manure. The procedures
given in table 6-1 may be used as a guide
for estimating nutriest contens, but the
most accurate way to determine the ma-
rure value is through labomtory analysis,
The minimun analysis should include per-
cent dry matter, ammoniun nitrogen
{NH '}, total nitrogen {(NH' + organic N),

phospherus (P or PO, and potassium (K
o1 E.0). Convert PO, values 10 elemental
P by multiplying by 8.44, and convent KO
terefemental K by muliiplying by 0.83. Your
local Cooperative Extension agent can as-
sist in properly sampling manure {or test-
ing. (Also see “Sampling and Testing” on
page 6.) Once a reasonable estimate of
nutrient concentration is established, less
frequent testing is acceptable,

Estimate Nutrient
Availability in Manure

The feilizer replacement valee of liter
and manure depends on many vadables,
Estimates of nutrient availability should be
derived for the region where the nutrients
will be wsed. Ammoniacal N is subject to
Being lost to the atmosphere unless it is
injected or plowed into the soil soon after
apphication. The remaining organic ¥ must
be mineralized to an inomganic form be-
fore it becomes plant-vailable. The rate
of mineralization varies and depends upon
many soil and climatic factors. Ultimately,
ihe total amount of W available from liter
or manure will be equal to that expected
from the ammoniacal N, plus the amount
of mineralized N from the enganic form.
Contact Cooperative Extension represen-
tatives in your arez for the decay facrors
that best suit your location, or use the e
sidual factors shown in table -2 (page 40).

Select a Crop Rotation

and Cultural Practices

that Maximize Nutrient
Harvesting

Asstinptions used in making vour nutri-
ent management plan should include re-
alistic soil productivity indices consistent
with production goals. Likewise, crop ro-
tations and soil conservation practices
should be reatistic for the conditions likely
1o be encountered. The goal should be o
harvest as many of the nutdents applied
{0 the crop acreage as possible and to re-
move them from the cropping system.

Pouitry Waste Management Handbook
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Enuations:*

Avail N ={A x inorganic K + [R x {organic N)f + residual ¢
= (A HH + R x frotal - NH ] + {residual factor) = {total B - KH)

Avall PO, = B = total PO,

Avail KO = Cxtoral KO

Where,

R is the mineralization coefficlent for peultry, 0.60. (If other coeficiants are recommended far
YOUT Stale of region, use thaie instead.)

Inerganic 8 = NH,

A, B, and C are application availahility cozfickents From the follawing table:

Lsa‘i L h«;':., I ‘3‘

Method of Povailabilivy Semt-solid Cry

applieation eoafficient manure iikter
Broadcast with Incarporation:

immediate A B8.75 0.495

B 1.80 1.0

C .05 1.00

Incorparate ziter 2 days A 0.65 .00

B [ EHE 1]

C 1.00 1.00

fncorporate after 4 gays A £.40 0,80

B 1.08 1.00

C 1.00 1.00

Incorporete after 7 days or A 023 075

NO incorporation 8 100 1.00

C 1.8 1.0

HOTE: Some siates Rave slightly diffarent mathods for camputing nutrient availabifity and
residual carmyover. Check with 2ppropriata state agzncies for clarificatian.
v IF manure analysis is reportad as totzl N anly, use the following ratios 1o distinguish be-
tween arganic and inorganic N:
Broiler lilter: ingrganic N =40 X total N
orgaric N = 60 X ctal H

Torkey [iiter: inorgaric M= 30% X total N
prganic H = 70% X tatal

v Residual N is bazed on historical frequency of fizld manure application as follows:
v Field rarely received manure fn past (8 to ¥ years in fast 5 yearsk: Residual farior =0
»  Ffefd frequently received manute applications {2 to 3 years out of 5 yearsk Resfdual
faczar = 0,10
= Flald continuaushy reseived manura {4 to § years cut of 5 years): Residual factar =0.20

Generzl values for nitragen mlreralized from soil organic matter [SGM) zre 40 pounds ner
acra per year for each 1% SOM. Nitragen contributed from precipilation varies aceerding o
focality but mzy range up ta 26 pourds per acre par ye2ar. Lagumas can coniribute 34 to
150 pounds af M per scre per year (52e tzble 6-2, page 40, Additions from frrlgation water
cat be estimated on a pounds-peracre-inch basis by mufriplying the N cancentration in
parts par millicn (FPMY by $.227.

Chapter 6: Kutriznt Monagemont

Tzt Boil to Determine
Cro gal“»iume&”s%
Reguiraments

Maintzin a good soi-testing program 1o
monigar ihe matrient status of felds and g
determine additional nuttent zequirements.
Bue @ sezsonal biological activity and
mability, soil ¥ is not relisbly predicied
from soil testing, since testing will not ac-
euralely reflect the availability of N when
it is most important to the cop. The lack
of relationship between a preplant soil rest
ardihe N neads of the crop is due to plant-
available N gains (rom mireralizalion and
losses of available N theough leaching and
denitrification. This is of particelar concem
when applving litter and mancre, which
contain a barge proportion of W in the or-
panic form.

Advances in sofl apd plant N iesting have
provided new tools that enable manage-
ment of litter- and manureamended soils
ira more environmentally sound manner,
Perhaps the most promising lesi is the pre-
sitledress soil nitrate 1251 (PSNT). The PSNT
is based on sampling of the surface 1 foot
of soil afier the sofl warms and the crop is
growing. The amount of nitrate (NO,} in
the soil sampie represents the plant-avail-
able N that will mineralize from soil or-
genic matter. Thus, sidedress N fenilizer
recommendations can be modified, de-
pending on the level of NO, found in the
sail.

PSNT procedures (for comn} are as follows

{Evanylo and Alley, 199G}

¢ Conduct the test only on fields that
have received oo more K than a
staster ledilizer application (25 1o 39
pounds per acre). Fields that have
received manure can and should be
tesied before making any supplemen-
tal ¥ fertilizer applications at sidedress
FLes.

» Take soil sampies at a com height of
10 to 15 inches at the whorl, not with
an upper leaf extended.

+  Sample soil by taking ten o mventy
cores across the field 1o a deprh of 12
inches, if possible, ar as deep 23 pos-
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T—

and maintained in order o obiain

sibfe. Sarople between rows o avoid
reliable resufis,

starter fenilizer bands and areas
witere roots have depleted soif N

= Combine, mix, crumble, and dry
samples as quickly as possible by
spreading the mixed soil in a thin
layer on newspaper in a warm place.
Samples can also be dried in an oven
at low hear (200 to 225°F} er in 2 mi-
ecowave for 3 to § minutes at the high
power sefing.

* Use a reliable field test kit to deter-
mine soil KO, concentration. Check
with your state Cooperative Fxtension
personteel or land grant vniversity. All
field kits must be carefully calibrated

Wien the soil KO, level has been deter-
mined, the guidelines shown in zhle 6-3
may be ased.

Table 6-3 is provided to aid in understand-
ing the use of the PSNT. Sail fertilization
recommendations should not only incor-
parate results of the PENT, but also include
experience and understanding of the mles
of soll properties and management prac-
tices in influencing N availability to crops.

Table 6-Z. Nitrogen crediz from [egume residuss

Cood (> 4 tansfacie) a0

Allaia
Fair (3-4 1pnsfacie) 70
Poor (< 2 tonsfacra) 14
Red clover > 530 Lood {> 3 tonsfacred 80
25-49 Falr (2-3 tonsfacre} 6l
<25 Poor (< ? tansfacre} 40
Hairy vetch BD-100 Cood 100
5079 Fair 75
<50 Poor 50
Paznuis 45
Soyhears ¥ pound & fbushel yield

Takle 6-3. Nitrogen application rate guidelines based on pra-sidedress sail nitrate test (PSNTY

re:.ults
.., g Til -9 3 RPN :;!—
3_.1; }iﬁij raj et —;—éﬂawggga -Jgé

< ! ! gpm .ﬂ.pph_.r full rate of sldedress N thatis nneded ft:-r Lthe
realistic yield goat far the particufar soil.

F1-20 ppm Possibly reduce the normal sidedress i appfication by
25-50%. This zane is sncertain, and decisions must be
made on a site-by-site basis and shou!d take into
acconnt pravious feld histary, arganic N additions, and
managemant practices.

»Z0 ppm Mo sidedress M is neadad.

MOTE: This table is provided to aid in understanding tite use of the PSNE Soil Fertilizaticn
recommendations should not only inceracrate sesufts oF the PINT, bur 2fso inzlede expariznce
and understanding of the rofes of soil propesties and mznagement aractices in influencing ¥

availabllity to crops.

Conduct a Hydrologic
and Seasonal Evaluation

Evalaate the sensitivity and risk fevel of
individual fields to leaching, runoff, Road-
ing, and erosion. Make note of environ-
mentally sensitive features such as sink-
holes, wells, springs, streams, or other
conditicns that may have an impact an
water quaiity. Determine the most suitable
moaths for applying manure and fentilizer
to reduce the nutrent loss potential, then
apply mitrents as clase as practical to crop
uptzke periods. Avoid fall or winter un-
fess cover crops are used,

Determine Storage
Requirement

Direct movement of liter from house 1o
field will minimize handling costs and, if
synchronized with 2 cropping plan, will
usually allow mote efficient utilization of
mlanure nitrogen. Many producers, howe-
ever, may oot have encugh land 1o vtilize
all liver properly or be able to coordinate
house clean-out with tmes that litter can
be directly spread. In some houses, only
ciked manure or crusts are removed ba-
tween flocks, or eleaning of houses may
not coincide wizh available open copland
or with proper field conditions that permit
opentton of equipment or desirable nu-
trient uptake, Storage should then be pro-
vided unil} conditions ase suitable for
spreading or until litter can be picked up
for use by others as fedtilizer, compost
media, or animal feed. See chapter 4 for a
discussion of storage options,

Manage Fertilizer

Comenercial fenilizer should be used to
supplement additions crop requirements
when biter and manure, by themselves,
will not meet crop needs. Apply Fenilizer
at a rate and by a method of placement
that &5 consisterd with efficient nutsient
IECG‘-’E‘J.’}'.
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Practice Good Sell and
Water Canservation

Follow good sofl and water conservation
- praciices 1o mEnimize erosion and ninoff,
Steep dlopes shouvld be avoided, especially
during wirter. Slopes geester than 12 to
15% should be avoided for manure and
jitter application. H manure or liger must
be applizd on Ancdplains, incorporation
or injection shouid be practiced 1o mink-
mize nutrient and crganic matter losses
shoudd looding oocur. Assistance is avail-
able from the Natural Resources Conser-
vation Service for developing farm con-
servation measures. Volunrary nutrient
management plans are being implemented
in many states, and some stes require
plans as part of  penmiting program.

Do Not Overfeed or
Ovetrfertilize

Orverfeeding and overfertilizing are costly
and envimnmentally unsound. Adpst and
calibrate feeding equipmen o0 mininize
wisted feed. Cakibrate mamere and fertil-
fzer spreading equipment reguiary so that
nutrents are applied uniformly and at the
appropiate rate (see chapter 7). Schedule
applications so nutrients will be used by
prowing crops aad not Jost to the enviton-
ment. In fields where mamwe is applied
imtensively over a long period of time, there
may be concemns about buitdup of heavy
metals such as copper and zine in zails,

MUTRIENT
AVAILABILITY AND
RecoOVERY

Niteogen (N7 is the most difficelt nutitent
in liteer to manage, It exiss in hoth the
organic and mineral form. The mineral
portion is mainky present as uric zcid and
urea, and in finer and manure analyses is
referred 1o as ammonium N {NH_"). De-
composition of urc acid begins when i is
excreted. Urea is convened o ammonium

Chapter 6; Nutrient Management
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carbonate, an unstable sall, in a very shont
pericd of ime following application &nd
decompodes 10 anmonia gas (NH), car-
bon dioxide, and water. Decomposition
wilt resudt in boss of vp to 75% of the min-
efal potion of the N within seven days
zfter speeading if manure is not soil-incar-
porated. The acwus] portion of mineral ¥
lost is determined by the time efapsed
betereen spreading and incorporation. The
decision ko incorporae minure will de-
pend on faders such 2s the cropping sys-
tem, cost of incorporation, cost of nitro-
gen, erosion hazard created by the tilfage,
and availability of equipment.

The orpanic N fraction gradueaily becomes
available far crop uptake as the manure is
decomposed. Approximately £0% of the
organic N in poultry manure snd Jiter at
the time of application is wleased during
the first year following applicasion. The
remainder fs released throvugh a decay se-
ries with passing time. For practical pue-
poses, nuttent planners credit a potion
of the remaining “resicdual® N based on
previous organic waste application history.
Fields ihat have rarefy received manure
during 1he past 5 years are ghven po e-
staduat credit. Fields that frequently received
manure, perhaps 2 or 3 years out of the
past 3 years, are allocated 16545 of the nor-
mazl organic W loading 2s residual credit.
And fields that received continuous appli-
cation for the previous 3 years are given
resideal credit of 205% of nommal osganic
loading. Therefore, the total amount of
nitrogen avaiizhle from manure applics-
tions is the sum of that availzble from ap-
plications being made 2t a given time plus
that available from expeced residuat N
For more information about eafoulating
avadable nitrogen, see table §-1 (page 350

Litter applications should be planned when
crop interval and soil and dimatic condi-
tions are suitzhle. Applying Eiter near the
planting date on soils prone to leaching
will reduce nirogen losses. But lowered
germinztion and reduced seedling powth
could cccur if planting is done immedi-
ately afier heavy applications, especiafiy
since high ammonism or inemganic salt
[evels may be present in fitter.

Lang Appiication
Program

A well-planoed fand applicaticn program
is based on the nutdent requirements of
the crop. However, the ratinof N 1o P o K
in litter abmost never matches the matin of
the amount of these nutrients needed by
crops, Therefore, complete utdization is
rarely accomplished. if litter is applied at
rates thae will supply all the N needed by
the crop, P and K applications greater than
those necded by the crop may occur, This
will not be setious in the showt run, be-
cause soils have the capacity o adsorb the
extrd P and K However, as these nutri-
ents accumulate, problems may develop,
For esample, where cops will be used
for ruminart livestock feed, and ¥ levels
in the ration reach 3% due 1o excessive K
applications, tetany problems may devefop.
Flznt fissue anzlyses and soil tests will help
identify these potential problems. If soil
t2sts or tissue anajyses indicate P and K
levels are in the medivm 10 high mange, it
might be wise to shift to a phosphones or
potassivm basis for detesmining [iter ap-
plicaticns.

The following disoussion, along with the
worksheets 2nd examples that follow,
shows how o match litter or manure ap-
plication rates o crop production needs
for specific farm conditions.

Nutrients Collected

The amount of ¥, P, and K erginaily de-
poaited in the Liter or manure is not likely
to be the amount evenneally applied o the
fand. Mutrent [osses sccur durdng handling
and storage—as liguid losses; ammonia
volatilization; or leaching and erosion of
M, B or K. Therefore, to account for losses,
liter samples show'd be taken for labora-
1ory anakysis at the time of land spreading.
Analysis of a series of samples will help
establish & good estimale of {iteer nutrient
eontent on your farm. Perodic additionz]
sampling will help maintain sccurate esti-
mates of liter nuirient content.

4!
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Deteomine the lister density as [ollows:

i. FiH a pail with water znid weigh i in
peands,

2. Eefill the pad with litter, tamp to ap-
proximate the stack compactness, and
reweigh i

3. Calculate the pad volume: volume of
pail (cubic feesy = weight of water
(pounds) + 624 pounds per cubic
foor of water.

4. Calcvlate the lrer density: Htter den-
sity {pounds per cubic foot) = weight
of hitter {pounds) + volume of pail
{rubic feet).

Estimate the amouns of litter and nautrients

aver a given ime, as follows:

1. {ubic feet of liier = storage Tength
{feet} X ssorage width (feet) ¥ storage
depth {feet)

2. Tons of liter = cubic feet of liner x
liner density {pounds per eubic foot)
+ 2,000 pounds per ton

3 Tofal pounds of muttent = tons of lit-

ter ¥ potrds of nutdent per on of
litter {from Tter anafysis)

EXAKMPLE: A fizer storage stoucture mea-
suring 30 feet by 85 fect with an average
litter depth of 5 feet contains 12,750 cubic
feet of lier. Using the pail method above,
the density of the litter is determined o
ke 40 pounds per cubic foot. Analysis of
the lier showed 75% dry matter with £6
pounds of total N, 15 pounds of NH,, 63
pounds of PO, and 30 pounds of X0
per tore. Calculating s described abawe,
the swomge would contain 253 tons of li-
ter containing 3830 pounds of tota] K;
3,825 pounds of NH,; 16,005 pounds of
PO, and 7,650 pounds of KO

Muirient Loss
The total nutdent content of lider cannot

be subsiteted for thal in commercial fer
tilizer on 2 pound-for-pound basis. This is

42
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because some of the titter and manoee
muairients are aot a5 readily available, and
they cannok be as efficiently appled as
those in fenilizer. Therefore, you must czl-
culste the liter and manure N that can
replace fenilzer N.

Onee you have estimared the nutrient con-
tent of your litter and manure, consider-
ation must be given to the losses involved
duning land application. These are prima-
tily the volatilization of the smmonium K;
for broiler litter, this amounts to about 25%
For broadcast applicatica (see wble §-1,
page 39% IF liver is incomonmted dusing
the first 24 fiours alter application, Josses
are redeced to 1059 or less,

Following the example in worksheet 1
(page 43} will help you understand calou-
hation of litter value, Greatest accurcy in
determining nutrient contemt will be ob-
tained from Huer sample test reports, Othe
erwise, assume Lhe values given in ables
1-2, 14, 1-3, and 1-8. Be sure o allow for
residuat N casryover from previous years'
applications znd from nitrogen-fixing
rops. Aise, note that losses of N, PO,
ard X0 due o the method of application
must be considered {see able &1, page
39}. Losses of W are due primarily to am-
moeniz volatilization. Although losses of
P.0, and Kf mzy occur due (o rainfall emo-
ston and uncff, these nutdents are not
volatilized and are generally tomlly allo-
cated for murbeat management purposes,

Other Additions to the
Nitrogen Pool

The magority of nuteent contributions are
from commercial fertilizers, fitter/manure,
and residual mineralization of organic K.
However, other sources must also be con-
sidered to avoid overapplication of N.
Sources of addaional N are:

* mineralization of soif organic matter,

* atmospherie deposiion from precipi-
{ation,

» conlributions from irfgation water,
¢ credits from legumes, and
»  cop residue minerlization.

The example given in this discussion
(wioeksheets Tand I, pages 43 and 44) does
nat include additions from any of the above
sources. However, planners should check
to see if these sources may contribute sig-
nificantly to the overall nutdent budger, If
N wiil be eontributed, these additions
should ke subtracted from the estimsied
CTOp recuirement.

Determining Rate of
Application

Some planning and pencil work are re-
guired to find the application rate that best
Kits a particelar cropping sequence.
Worksheet It {page 44) provides a simple
critline and example of the process to kelp
you determine: {1) the nutrient require-
ments of the crop o be grown, (2) liter
nutrient content, (3} hister application rare
needed to supply the highest priotity mo-
trient, and {4) the amount of commercial
fentilizer needed in addition to the applied
licter.

Determine fiom your ocal Coopentive
Extension agent or other sources the
amount of N required for the crop to be
grown without litter. Then use workshees
iI 10 determine how much N must be
added by a combination of commercial
fentilizer and liner.
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Clay000111

Page 52 of 75




Page 53 of 75

Case 4:05-cv-00329-GKF-PJC Document 2197-17 Filed in USDC ND/OK on 06/05/2009

Clay000112




Case 4:05-cv-00329-GKF-PJC  Document 2197-17 Filed in USDC ND/OK on 06/05/2009 Page 54 of 75

i

rement Hapi

Clay000113




Case 4:05-cv-00329-GKF-PJC Document 2197-17 Filed in USDC ND/OK on 06/05/2009

Equipment selection for handling and
spreading solid and liquid manure depends
on the consistency of the materiaf, the type
snd amount of bedding or water added,
the crop and field conditions, the timing
of spreading events, and the haul distance
1o the field.

SoLID AND
SEmI-SoLip HANDLING
EQUIPMENT

Solid materials such as litter are usually
remeved from a production lacility with a
bucket loader (tractor-mounted or skid-
steer), a scraper (box or blade), or a cruster.

Bucket Loaders,
Scrapers, and
Rototillers

Litter with surface cake might need 1o be
rictilled before complete house dlearrout.
Tractor PTO-driven, three-point-hitch-
mounted rotctillers break the cake apan
and mix it for easier spreading and more
ueifann field diseibution. Tractor<drawn
box scrapers are used to move the liter 1o
ivading points within the production
houses {figure 7-1).

Bucket loaders with farks (tines) are often
used 1o remove cake from poulbtry houses
(figere 7-2) Bucket lozders are also used
w move solid liter and semi-solid layer
muanre from collection points, stockpiles,

Chapter 7: Appfication Equipment

or storagedsetling basins to spreadars or
trucks. The Ioader may be attached 1o a
skid-steer vehicle or the (ront end of a farm
tractor. The lifting capacity varies from
about 400 pounds for a loader attacked to
a large garden tractor to several thousand
pounds for one fitted to a 100-homsepower
tractor. Breakaway capacity—the ability to
tear manure from 2 pile—is several hun-
dred pounds greater ihan Lift capacity. The

Figure 7-1. Tracior-drawn box scraper
Source: Matural Resources Conservation Senvice

Bydratge oyradar

for fpping buded @

{2t arm
Hytrause oyfndsr
fof Feng

CCF.ErDh\

Figure 7-2. Bucket foader with tines
Seurce: Feriilizer anid Manure Agplicatien Eguipsent, HAAES-57

capacity of the fpader depends on the size
of the hydmulic system and the weight of
ihe tractor. Hydraulic system comnponents
need (o be well maintained to supply an
operating pressure from 1,600 pounds per
square incht for smaller systems 1o over
2,000 pounds per square inch for lager
uaits.

A Ioader usually comes with a bucket de-
signed for the material to be handled, A
smaller bucket would be needed for dense,
heavier materials like soil, sand, BT, or
semi-solid mamure. A larger bucket is ber
ter for bulky, lightweight materials such
as sandust and production facility liner.
The loader should be easily attached and
detached from a trxeter that must be wsed
for other purpeses. Counterweights may
need 1o be added 1o the rear of the tracer
touse the buckel o capaciry. Use of over-
size tires on the frenr of the 1mctor can
give mare stability and better maneuver-
ability.

25
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Crusters/Housekeepers

Cake manurme &5 sometimes removed wiih
a lracter-dawn cruster {figure 7-3). The
cruster requires an 18- 1o Sl-horsepower
tractor. B picks up the suface cake ma-
nure and reconditions the remaining liter
for Lhe next lock. A blade at the front of
the machine can be set for the desired
depth of litter to be removed, usually I to
2 inches. The marerial is hifted into hydrae-
Heally driven rotating tines that break apant
the cake and move it onte an inclined con-
veyor screen. The fne litter particles are
separated, Fall threugh the sereen, and re-
main in the house. The ke is deposited
into 2 railer witlh a capadly ranging from
33 w0 3.5 cubic yards,

Crusters can be equipped with a rear
spreader assembly to field spread the [it-
ter directly from the house, An automatic
selt-dumping tailer allows the collected
marterfal #0 be stockpiled. Crusters with the
spreader assembiy can also be vsed to
sprexd new Etter inthe production houses.

Box-Type Manure
Spreaders

Box-type manure spieaders may be either
tractor-drawn er trock-mounted and can
handle either solid or semi-solid material
Efigure 7-4). The rotating rear bealers help
10 break up lapge clumps of manere such
as litter cake and do 3 better job of evenly
distributing semi-solid or heavier, wetter
manures than deier, ligheweighe liter, The
qualizy of the steel or reated womd used
in the box construction is imporant for
resistance o corrosion and witing due 1o
manuee acids.

The capacity of a box spreader is usually
designated by the manufacrurer in cubic
feet of the box, either level full with the
top of the box or heaped above the top.
Box spreaders-are avaifable in capacities
ranging froun 37 1o 400 cubic fest They
require tractor sizes from 30 1o 160 homse
power. Spread tdme or Hme 1o empty the
spreader ranges from 110 3 minutes,

16
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Figure 73. Tractor-drawn croster
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Seurce: Agricuitiral Waste Management Field Handbook, Natural Resources Conserystion Servica

Figure 7-4. Ground-driven bax-typa manure spiezder
Source: Fertilizer and Manure Application Eguinment, HRAES-57

Bepending on the amount of water and
bedding, sobid litter 2ad semi-solid manures
have different densities. An on-larm test
can determine the density and help to es-
timate the weight on a loaded sprezder.
Weigh an empty 3-gailon bucket. Fiil the
Bucket level full with material 1o be spread.
Do not pack the material in the bucket,
but ensure that & settles (o appramimale a
toaded spreader. Weigh the bucket full and
then subtract the empty weight. Mualtply
ihe weight of the contents by 1.5 wo obtain
pounds per cubic foot of the e, Multi-
ply this value by the cubic feet capacity of
the spreader and divide by 2,000 o find
the tons of matertal in a spreader foad:

spreader do g fions) =

manlrz weight sareader capaginy
tpoundsh % 13X T Ui faet)

2500

The power needed 10 diive the apron chain
and beaters comes from either the spreader
wheels or the tacor FTO. In PTO mod-
els, power is transmitted throuph shafis,
chains, and sprockets to 2 gearbox. From
there, chain drives transmit power 1o the
beaters and apron. A PTO-driven machine
czn unlozd while standing sdil for stock-
pite formation or white moving very slowly
for eompost windrow fommation,

Groend-driven machines depend on wheel
friction against the ground to power the
machine, Tizes should be mounted with
read lugs oriented in the oppesite dizec-
ticn from those on the owing tractor tires.
linpraper wheel mounting and lack of
good traction on the spreader may cause
poor petformance and famper spreading
efitcierey.

Poultry Wastz Management Handbook
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The apran conveyor consists of chaing en
each sidz of the bottom of ihe box con-
nected by steel slats. As the conveyor on-
eraies, e load is slowly moved wwant
the back of the box and into the beaters.
~ The fead rate of the conveyor is zdjust-
able and ailows for different manure ap-
plication rates. A cam drive and mtchet
are often used to make the adjustment.

Same spreaders do not have adjustments
low enough to allow for light application
rates of mitrient-rich materials ltee house
liree. Many conventizaal box spreaders can
be modified 1o spread at the lower mtes
required for most poultry litter, Some deal-
ers supply sprocket replacement kirs thar
can be added 1o spreaders o allow fora
wider mnge of applicaton rates.

At the end of the box, the manume is fed
into beaters to shred any clumps. Their
operating speed is conteolled by a lever at
the front of the machine convenient to the
tracior operaton When purchasing spread-
ing equipinent, be sure application can be
easily and effectively adjusted for the de-
sired application mate.

Some manufaciuress place an awgeriype
deyice called 3 *widespread® behind the
beaters 1o help spread the manure inoa
swath wider than the machine {figure
7-5). Semi-solid mamure can be handled
by a box spreader if it has an endgate in-
stalled 10 contsin the manure and oids
until reaching the feld. The gate can be

Bezlers

}

:

e e —
H’?ﬁ‘ﬂ 3T i

Widzspraad
Figure 7-5. Manure rprezder with widespread

Saurce: Fertilizer and Marnure Apelication Eguip-
mant, HRAES-57
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sdusted to control the spreading mare. A
eurved pan undernesih the beaters and
auger can also moce evenly spread fluids
that might otherwise drain direcily from
the box when the gate is mised,

It is best 1o load the spreader box staring
ag the froat, taking care 10 heap but not
overload manure. The manure moves mare
easily with this loading patiern and spreads
more wniformly. For best results, the
spreader should be operated at speads be-
Towr 4 miles per hour. The spreader will
last longer if it is washed and maintained
after each use and stored under cover.

Side-Delivery Flail
Spreader

The Hall spreader consists of a liguid-tight
tank supporied hotzontaily on 2 tactor-
dravn trailer {figure 7-6). The top of the
tznk is open far loading, but it is covered
by a hydrolically movable lid to prevent
manure from being thrown high in the air
during unioading.

A [fail spreader may be the best choice for
smalk-farm operators who handle manuees
with a wide range of consistencies. This
type of spreader will handle solid, semi-
solid, and slurry manure but is best suited
For the wetter manures. The spreading ac-
tion is from 2 powered horizontal shaft
located through the eenter of the tank. Flail
chains with steel tips rotate and throw the
manure out by centrifugal force. A uni-
form spreading width of up to 20 feet can

be achieved,

The shaft is powered from a S40-BPM or
LIG-RPM tretor PTO speed. A gearbox
or sprocker-and-chain drive is used to re-
duce the shaft speed to get the proper
unloading rate.

Available models range from 400 gallons
requinng a 3-horsepower tractar 1o 1,400
pafions needing a 118-horsepower tractor.
The flail spreader requires moderate main-
enance and operates best when it is
cleaned and maintained afier each use. A
used machine should be checked for a
corended tank, womn fTa#ls, or cracked tires.

Side-Delivery Expelier
Spreader

Expeller spreaders offer the most versatil-
ity in uniformly handling and spreading a
wide range of materdals with different con-
sistencies, such as dry liteer, semi-solid
scraped manure, fagoon sludges and prit,
and lowe-solids slumies. They can be either
tracor-drawn or tuck-mounted. Capaci-
ties range from %00 gallens requirng a
minimom of 5 hosepower to 3,800 gal-
lons needing al least 140 horsepower, The
sprezder §s constructed of high-strength,
corgsion-resistant steel.

The V-hopper tank sits on either a single-
or tandem-axle chassis. The top of the tank
has a low profile if loading height is a prob-
ler, or it can hzve bolt-on sidewall exten-
sions for extra capaciy.

Ratractzbls

COvEr

icicr wih chain

Figura 7-6. Flail spreader
Source: Ferrilizer and Manure Application Equinmernt, HRAES-57
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A PTO-daven auger 22 1o 30 inches in di-
ameter located rear the bottom of the ank
moves the mzeerial wwarnd the expellers
at the fronz. Double extension coil springs
held the auger down but leave it free 1o
Hoae over rocks or other foreign mareria,
thus reducing damage, The auger may be
lified hydraulically to break up bedped
matenal in the lank; or it may be powened
down into denser, settled materal through
double-acting hydraulic cylinders.

Expellers are located on ane side at the
botiom of the tank and near the frony of
the spreader. A tznk sliding door ranging
from 20w 48 inches wide can be hydeau-
Keally opensd and controlled te vary the
rate of application. Roating offset paddies
or free-swinging hammers oa 2 reel ap-
proximately 18 inches in dismeter engage
the manure with a slicing metion, cxpel-
ling it ins & uniform pattern in swaths up 1o
40 feet wide. PTO power is delivered 1o
the expeller reel through 2 chain or beli-
drive transmissioa.

Spinner Spreader

Spinner spreaders are similar in appesr-
ance #nd operating principle 1w lime
spreaders. They are most often ased with
dry, Egheweight fiter, since they provide
the best spread patteen for this type of
material. They ouy be tacocdawn but
are most often V-hepper tanks mounted
oa eilher a single- or tandem-axle tuck
chzssis with capacities ranging up to 506G
cubic feet,

At the boroem of the hopper tank is a 39-
inch-wide channe| with a barflite conveyor
that moves the litier to the rear of the
spreader. An adjustable endgate can be
opened w zdust the rate of application.
When open, the conveyor delivers the [i-
ter anta twin epposed-direction metal spin-
ners, These spinners range from 18 to 26
inches inr dismeter and rodate a1 speeds of
about 300 RPM. Spianers rotating too fast
seriously distupt fie spread patiern. Fach
spinner also has three to four vanes on
the surface 1o help propel the litter par-
ticles. An adjustable splivter o fow divider

<8
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is focated fust above the spinners 1o evenly
divide the Iiter from the conveyor 1o the
two spinners. The splnner assembly may
also be adjusted forward or backward o
chanpe the point at which the litter falls
onto the spinners. The desirable drop poing
is approaimately one-thind of the spinner
radius to the froat or the rear of its center.
The effective spread width ranges from 26
iz 32 feet. Some of the heavier particles
may be propelled up to 50 feet.

Some spinner spreaders have conveyors
that are mechanically deiven from the truck
wheels, but most epemte both the con-
veyor and the spinners hydraclically. Soms
truck spreaderss hrave the entire spreader
tank mounted on toad cells such that ithe
weipht of material loaded or being dis-
charged can be instamaneousiy and con-
Hnaously monitored.

Calibration of Solid
Spreaders

Calibration defines the combination of
equipment settings and travel speed
needed to apply manare, fitter, or waste-
wazer at 3 desired rate and 1o ensure uni-
form application. The following method
can be vzed {0 determine the application
rate of a2 manure spreader without mea-
suring the entite area of application or
knowing the spreader capaciry,

First, weigh an empty, dry sheet of plastic
approximately 100 square Feet in surface
ared in a bucket or basket. Determine the
actual area of the sheet by mulliplying the
wicth by the length to get square feet, Then
spread the sheet on the ground and pinor
weight the comers and edges. Then oper-
a'e the spreader over the plastic sheat at
rormal application settings and cpereting
speed staniing at least 50 feer away from
the sheee. Weigh the sheet and the col-
lected manure. Subtract the weight of the
empry sheel (o determine the weight of
the spread manure, Multiply the pounds
of manure collected on the shieet by 2178,
and then givide by the ares of the sheetto
obtain the manure spplication rate intons
per acre:

application ratz (lensface) =

manure £ol'etied on sheet {poknds) x 21.78
are3 of shest {square feat)

Repeat the process at least three tlimes to
get a reliable average application rate. 1If a
target application rate is desired, follow
the above procedure, adjusting spreader
settings and travel specds until the desired
application rite is obtainad,

To detenmine the eniformity of spread and
the amount of overlap needed, place a line
of small pans or immys equaliy spaced 4
feet apart an centers across the spreader
patk. The pans should be a minimum of
12 inches by 12 inches, or 15 Iinches in
diameser, no more 1han 24 inches by 24
inches, and 2 to 4 inches deep. Make one
spreading pass, centering the application
pattern directly over the center pan; for
rear discharging spreaders, this will require
driving directly over the center pan. Weigh
the contents caught in each pan or pour
the contents into equally sized glass cylin-

.ders or clear plastic ubes, placed in the

szme order as the pans, and compare the
amount in each. The effective spreadt width
can be found by [ocating the point on ei-
ther side of the path center where the
manare contents caught in the containers
is haif of what it is in the center. The dis-
tapce berween these points is the effec-
tive spread width. The cuter finges of the
coverige area beyond these points shauld
be overlapped on the next path te ensure
a uniform rate over the entire fizld. When
viewing across the cylinders or ubes, “HBat-
top,” "pyramid,” or “oval® patterns are most
desirable and give the most uniform e
of application. *M,” “®," “steeple,” or “lop-
sided” patterns are not satisfactory, and
spreader adjustments should be made un-
til a satisfactory pattern can be chuined.

Liquip Hawnbring
EQUIPMENT

[ e

MOTE: This section semmarizes liguid han-
cling equipment for pouliry operations. For
mere detailed informativa abow Hquid
manure handling equipment and applica-

T T e |
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tion systems, see Jiguid Manure Applica-
diones Systems Dision Marna!, NRAES-BG,
in "Sugpesied Readings® on page 63

Sturry/Sludge Pumps

Solids in Hquid mznuse slurres sepante
during storzge in tanks and earthen ba.
sins. This materizl must be agitated and
mixed before remaval. Mixed shiies tvpi-
cally have up 1o 125 total solids, and [a-
goan bottom sludges have up to 1754 tonml
solids. Specialized agitation and pumping
equipmert are needed to handle materi-
als this thick.

Tractar-FTO-propeller mixers provide the
most vigomas and effective apiation of
manere slueies figure 7-7) These three-
point-hitch-mounted mixers consist of 2
power shaft connected to 2 20- 1o 28-inch-
diameter open propeiler requinng &0 1o
128 horseporeer for agitation. Since these
mixers enly provide the capability to agi-
tate, the prefemed choice might be a PTO
chopper-agitator pump to both mix and
pumip marnure shareies.,

Vertical shaft cantilevered pumps wih en-
closed impellers located near the boiom
of the tank are penelly used in a somge
tank or in conjunction with a veetical dock
al an earthen basin. The impeller has a
cunter blade operaiing against a shear plate
to break up clumps of matenals. Open-
pit, trafler-mounted PTO pumps capable
of agitating and pumping ie a slanting
position are most suitable for earthen stor-
ape basins with sloping banks. Most of
these pumps have an agitalonpemping
rate ranging from 2,400 1o more than 10,000
gallons per micate at tot] dynamic pres
sure heads ranging up to 90 feer. Power
requirements mnge from 60 to 10 horse-
power. Fraciors should be operted in level
positions to avoid engine and drive trin
damage. A six-manth accumulation of
slumy should normally be agitated just
before empeying and wypically requires 4
to 12 howrs for complere mixing. Most
chopper-agitator pumps have an effective
agitation radius of 40 o 80 feet. The addi-
tion of extrancous materials such as plas-
tic wppers, epg fats, and long-stemined
vegetation to manure storages should be

Chapter 7: Application Eguipment
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Figure 7-7. Agitalicn with & trector-FEC-propzller mixer
Source: Liguid Marure Applicalion Sysiems Degign Marwal, hAAFS-8T

avpided, since these materials readily clog
PUmps.

Hydraulically operated impeller pumps,
which can be located near the bodom ef
lagoons, are also used 1o lift sludpe w2
spreader o irrigation pump. Thesa pumps
will provide neither apitation nor encugh
pressure {or irdgation.

Tank Spreaders

Hiquid sturries and fagoon sludges are most
often handled using enclosed tank spread-
ers with capacities ranging lrem 1,000 to
6,500 gallons; the typical size is abou 3,000
gallons. A 3,000-gallon spreader can spread
ahout three Ipads per hour with 2 2,000-
(oot haul distance. Ondy about coe-thicd
of the tHme acually involves field maoure
spreading; loeding and wavel accoum for
the rematning time,

Spreader tanks can he either trailee-
mounted on a trzcior-draws walking beam
tandem axle, o they c2n be tuck-mounted
{gure 7-8). Most tziler-mounted tankers
are equipped with hydraulic surge brakes
for operator safery. Truck-mounted tanks
are more econogucat and less iime-con-
suming for hauling distances geeater than
I mile. Largercapacity tanks are also
mounted on high-flotation, seli-propelled
applicators.

The horizontally mounted tank usvally
contains an agitating device, either an au-
ger or pump, to keep solids in suspen-
siogE. An opening at the top of the tanX s
used for filling, while a hydeanlic gated
opening at the rear botioen discharges the
mznure inio 2 semi-enclosed spinner or
fan for spreading. The soreading rete is

controlled by the size of the opening and
ranges from 350 1o 1,000 palions per
minute, with an effective spread width of
15 to 25 feet. The spreading device (spin-
ner or fan}is powered by shalts and driven
from the FTO.

A top-loaded spreader must be filied with
2 figuid manure pump, Some manufactur-
ers build 2 self-loading tank spreader A
¥TO-driven vacuun/pressure reversing
pump rated from 135 to 350 cubic feet per
minute with %BE vacoum is mounted on
the front of the spreader chassis. In the
toading mode, the pump pulls a vaouum
insitde the tank that daws manere sluny
in through a rear suction hose. In the
spreading mode, the pump pressurizes the
spreader tank and forces the conterus
through a rear valve onio a deflector plate.
The tank is slower to load than 2 top-
loaced spreader and does not prowvide stor-
age agitation.

Figure 7-B. (Top) Trailar-mounted tandam axte
liquid manure spreader; (Bottom) Truck-
maounted Fquid manure spreader

Source; Ligiid Marure Application Sysiems De-
sign Marual, KRAES-39
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Liquid manure spreaders also provide the
option of surface spreading the slurey or
Injecting it directly into the suil, Soil injee-
tion reduces odor poeentis] and nitragen
loss. The rear-mounted enclosed impeifer
howsing is connected by 3 4- or S-inch fex-
ible hose to a slurey distribution header
{figure 7% The distribution header is con-
nected by 2-inch fexible hoses to each of
two 1o five spring-Joaded injector shanks
mounted e & ol bar. The infectors may
be mearted on the trector three-point hitch
or on the spreader frame, Locating the in-
jectors behind the wheels is desirble,
because the injector shanks break up the
sail compaction in the upper layers be-
hind the whee! tracks. Although injectors
are optonally equipped with a Auted
eoulter to open a slit in front of the shank,
they ae not well-suited for sed ground.
Enjector points may be 2-inch narrow chis-
els, duck-foot shovels, or IHnch-wide
sweeps (which provide the best distribu-
tion}.

Calibration of Liquid
Spreaders

The application rate for 2 bguid mame

spreader can be determined by knowing:
1} the capacity of the wnk in gallons; 2
the distance the spreader iavels to empty
the tank; and 3) the path widih over which
the waler is being spread. The parth width
can be paced off or measured with a zapé.
Betermining the tmvel distance can be
mote difficalk. Cne method is 1o measwe
and count the mmber ef whee! rotaticns
of one of the pieces of equipmenl used.
Select z wheel on either the mactor or
manuge spreader, and measure the tre
from one side to the ether acioss the end
of the axle; this should be the wheel di-
ameter. Multiply the diameter by 3.14 o
determine the distaree the spreader will
travel in one tire motadon. Tie 2 plece of
rope around the tire, or mark a spek on
the rire wall using a piece of duct Lape, As
the spreader moves through the Beld, count
the number of times the rope comes to
the 1op of the tire until the ank is empsy.
Muhiply the munber of wheel revolutions
bry the diztance taveled in ene revolnion
1o determine the ol distanee raveled
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Figure 7-9, Vacuvum tanker with Inector assembiy
Spuece: Liquid Manure Application Systens Design Marual, NRAFS-33

The waste application rale is appoxi-
mately:

apphcakion rate (galtorsfacre) =

tank camacity
=|{galltrnsj

irave! distance , spreading widih

HEI (Feet

43,560 square
festfacre

SoLIDS SEPARATORS
AND SETTLING
BAsINS

Laproan management is eased by separat-
ing, solieds freoen maw or fushed manure prioe
in jagoan inpuk Removing gt 2nd feath-
ers froem layer manure significantly reduces
the tagoon solids buildug maie and associ-
med putnping problems.

To recover a relatively dey by-produce, vi-
beating seceen, sloping stationary screen,
extrusion, of belt-press mechanica) sepa-
ralces are advantagecus. Manure is either
soraped or fushed to 2 sump o stere 3 1o
4 d2ys" 2coumulation of menvre and waste-
water. A submersible er stationany bottom-
impeller, agitator-lift pump mixes the ma-
nire into 3 shury and pamps it 1o te sepa-
razor, where [iquids drain (o a lageon. Sepa-
eated sotids are dey encugh to be handled
by canverticnal matetials handling equip-

ment. Up o 308 of the towal solids and
25%of the oxygen-demanding organics are
removed with the solids.

A geavity seiling basin may be a less costly
way to remove 3% or mare of the solids
from liquid manue. Solids can be seuled
and fikered by a shallow basin (2 to 3 feet
deep} with a concrete floor and walls and
a porous dam or perferated pipe outlet
{Hgure 7-18). The basin should allow ac-
cess by a front-end loader to remove sol-
ids every | o ¥ months. An aliernative is
an earthen settling basin for 6 1o 12 months'
storzge of sofids. The basin top width
shoufd be no more than 100 feet with a
length-to-width ratio near 3:1 and a Haquid
depth of 8 10 10 fect. The basin contents
should be thoroughly agitated and re-
moved for land spreading either by liguid
manure spreader or sl ierigation. 4 third
alternative consists of a farpe reciangular
metaliic or concrete setling tank with a
3:1 length-to-widih ratio and an B-foot lig-
uid depth. Tank velume depends on a
peak-flow wastewater detention time of 10
to 3} minutes. Most readily setleable sol-
ids in poulbtry manure settle in about 10
minuites, although some additional settling
coours for hours. Tank inlets and outlets
are taffled and solids 2re removed by as-
tomated skimmers and scrapers.
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Source: Liquid Manure Application Systems Design Sarual, HIALS-39

IRRIGATION SYSTEMS

Irrigation Pumps

For immgating wastewater with sofids con-
tents under 4%, such as lagoon liquids,
standard centdfugal pumps are recom-
mended over specialized chopper pumps
or cutter attachments, These pumps ane
most often diven by a FTO, direct drive
internal combustion engines, or electric
motors. Centrifugal pumps will not pro-
vide enough saction if o remain primed
with wastewaters or sluries with solids
contents higher than 7. In the case of
slurdes or sludges with solids contents
higher that 7%, a solids-handling lift prmp
is needed to assist the imgation pump, If
2 lagoon contains an appreciable amount
of lang-stemmed vegetation or farge de-
bris, this material should be removed and
efforts made to prevent its recurence.
Pump power requirements for lagoon li
wid are similar o those for water, provided
the solids content is less than 434

The suction line and strainer should be
floating in the lagoon such that the intake
is zbout 1B inches below the liquid level
to draw the mo:t solidsfree water, The
pump should be located as far from the
inlet deain to the lagoon as possible o

Chaprer 7: Application Fguipment -

avoid clogging by unrested manpure
sokids.

Electric motoes up 1o 7.5 hosepower, and
in some locations up fo 10 homsepower,
cant be installed on single-phase power
fines without phase coweders for three-
phase seevice. Producers witheut three-
phase service may be limited 1o using the
smaller single-phase motars, or using di-
reci-drive interpal combustion engines or
trzctor PTO drives.

Te compuie the motor or engine homse-
power required, the system fow capacity
fin gallans per mitute) and rot] dynamic
head £TDH) have to be determined. Flow
caparity is detennined by mubiplying the
number of sprinklers operating al one Hme
by the capacity of one sprinkler. The TBH
includes the sprinkler pressure (in feetl of
water column; ¥ pound per square inch =
2.3 feet), the lareral and main line pipe
fidction [osses, and the elevation difference.
Friction Joss inthe bateral ling is determined
from an iripation stide rule or [riction Joss
tables, and then divided by two. Main lina
friction Toss is determined from an irrdga-
tion slide nale or from friction loss mbles.
The elevadon differerce is the venica] dis-
unce between the kagoon liquid surface
and the highest sprinkler in the field.
Fumps should be capable of delivedng up

e 40 to B2 pounds per sqoare inch, or 93
to 183 fegt of pressure, at the sprinkler
rozzie (depending wpen the requirements
of the sprinkiers used},

Pump efficiency will vary from approxi-
mately 5% for 2 smalf self-priming pump
to about B0 for 2 large semight centrifu-
gal pump. Most wastewater pumps will
peobably have an efficiency in the range
of 60 1o 76 Electic motor efficiency is
nomually taken to be 90%. Alr-cocled gaso-
line engines have an efficiency of appoxi-
mately §5%. Water-cooled gasoline engines
are about 7% efficient, while dicsel en-
gines have an efficiency of about 75%.

The equation for computing motor oF en-
gine horsepower is:

Horsepawer (HF) =

fump apacity TBH
{malionsfminute) x [Faeth

ey Pempeficizney . mulorfenging efiiciaa
1,350 x {{:—P srall ¢ {decimai) ¥

For more detafled information about imi-
gation pumps, see Egrdid Manure Appli-
cetion Systerts Design Maviteal, NRAES-89,
which ks listed i "Sugpested Readings™ on
page 03

Irrigation Pipe

Fipe for lingation is vsvally aluminum or
plastic (FYC). Aluminum pipe is used
aboveground for pottable imigation sys-
terns, to gee fromt a pump o 2 feld edge,
or to pet Fromi a bydrant (o an irdgator or
sprinklee. Atuminum pipe ranges in size
fromm 2 10 8 inches in diameter and comes
in 23 to 40-4oct leogths, Aluminum is sub-
fect 1o comosion and showld be Rushed
rut repulardy wilh clean water. i is also
easily damaged From handling and
aboveground teaffic,

Plastic pipe is usually less expensive than
aluminum 2nd is used in permaneni in-
stallations. Exposure to ultraviolet sunfight
rays makes plastic pipe britile. Polyvinyl
chlonde (PYC) pipe is available in sizes
ranging from 0.3 w 12 inches in diameter
and comes in 23 and 43foot lengibhis. PYC
pipe is available in five class mtings: Class
153, Class 123, Chass 180, Class 200, and

5t
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Class 313, where the pumbers deacte the
working pressure in pounds per square
inch. The wall thickness of any class of
pipe will increase as the pipe diameter
increases, sathat alk sizes will have equiva-
lent pressure ratings.

There are two schedules of pipe: Sched-
uie 40 and Schedule 80. Schedule 46 PVC
pipe can be compared to lightweight steel
pipe, and Schedute 8 compares to reg-
tar-weight steel pipe. These pipes would
normaliy be used under traffic fanes or
where extra strength is required. The wall
thicknessof the schadule pipe will be faidy
constant regardless of pipe diameter
Therefore, a5 the diamesier increases, the
pressure rxing decreases.

PV pipe is connecied with elther bell
and-gasket or salvent-weld fittings. Al fit-
tings are external to the pipe. Usually, pipes
smaller than 2 inches in dizmeter are con-
nected with solvent-weld fitings. Pipes 2
inches or jarger ia diameter may also use
bell-and-gasket fitings. For all piping sys-
tems using any bell-and-gasket fitings,
concrete thoust blocks are required at the
enid of a line of pipe and ar changes in
direction in the line. These thrst blocks
prevent the pipe from pushing apan, usu-
ally because of water hammer or abrupt
direction changes.

Irrigation Equipment

Sprinkler imgation has been the most sue-
cessful method wsed for wastewater ap-
plication, Furrow, border, carmugation,
flood, and gated pipe have all been used
with limitect success. The difficulty of get-
ting even nutrent distribution in the field
without excessive amounts of lzbar is a
major drawback of these methods.

Sprinklers and spacings must be selected
1o avoid runoff for the particular soil type,
tepography, crop, application time, and
wastewater characierstics. Sprinklers range
it size from Y-inch-diameter nozzles 1o
rues with pozzles up o 2 inches i diam-
eter. Rischarge volume is controlled by
aozzle size, mumber of nozzles, and oper-
ating pressare. Hquid {exclhuding surface
scut) from properly sized lagoans can be

52

applisd through %-10 ¥-inch aozzles.
These nozzles typically operate ar 30 1o 60
pounds per square inch pressure. Single-
nozzle, taper-bose sprinklers are recom-
mended for all iypes of wastewater imriga-
tiva because of the reduced chance of
plugging. Large nozzle sizes (34 to 2 inches)
should be used for imigating the contents
of lagoons or holding ponds with high con-
centrations of solids. Typical operating
pressures range from: 60 to 90 pounds per
square inch at the sprinkler.

Sprinkler spacings are normally 6% of
their wetted diameter. This is 1o allow over-
lap aleng the outer panions of the wetted
eircles, since the application rate decreases
in these areas. The closer sprinklers with
the same flow rate are spaced, the higher
the application rate will be. Consequently,
the farther apart they are, the poorer the
uniformity of distribution and Feld cover-

age.

Harel-mowed sprinkders use a maindine and
one or more laterals of aluminum pipe
sections. As the pump runs, a strp is
sprinkled as long as the lateral and a5 wide
as the coverage diameter of one individuat
sprinkler {figure 7-11}. After that set is imi-
gated, the pump is shut off, the pipe is
disassembled and moved 1o 3 new set, the
pipe is reassembled, and the new ser is
imgated. This system has Jow initial costs
but high labor requirements. Moving por-
table pipe in 2 wastewater imigalion sys-
iem s an uapleasant task,

Permanent solid-set sysiems {permanently
instafled throughout an entire fedd) are
generally very expensive to install and
usualiy are [imited to smal areas up o 25
acres. They do eliminate much of the la-
bor, kowever, since all of the pipe is un-
derground. A field has to be dedicated 1o
receiving wasteneater long-term, since the
equipment cannot be moved. High-solids-
content wastewaters should not be
pumped through a system of this gpe,
especially & small pipe sizes and sprinkler
norzles are used, berause of the solids
pugging potential,

Teaveling goes are most often vsed for
Rarper acreapes and [arge volumes of waste-
waiee Travelers czn be of mwo types, A

Figure 7-11. Hand-moved sprinkfer system
Souice: Watural Resowrces Canservation Service

czble-towed traveler consists of a single
gun sprinkler mounted on a wheeled can
with a cable winch anchored to a statinn-
ary ebject at the end of the Geld. The cable
winch is powered by 2 water wihine op-
erated by the waler pressure feeding the
sprinkler, ar a small internal combustion
engine. The sprinkler is connected to 660
feet of collapsible hose, which is pulled
along behind the can as it is winched
throwgh the field. The other end of the
hose is connected 10 2 hydrant at field edge
being supplied by a pump at the lagoon.
A disadvantage of this traveler is that the
entirz length of hose must be unrested and
hid out before irigation begins regandless
ol the field length. At the end of the irriga-
tion evene, the hose must be drained and
rofled back up. More labor is required
compared to alternative types of travelers.
Also, the mrbine drive easily clogs witl:
solids.

Ancther type of traveler consists of up

1,000 feet of hard polyethylene hose’

wound around a large reel B 1o 12 feet in
diameter moanted on a wheeled chassis
{figure 7-12). The unit is parked at the edge
of the field ard conneced 10 a wastewa-
ter hydrant. A single pun sprinkier is
mourted on a caitand attached to the end
af the hard hose. The gun is pulled o the
other end of the field, vnwinding the hard
hose from ihe reel. The reel then slowly
winds the hose back up, pulling the sprin-
kler gun back toward . The reel is paw-
ered either by 2 waler turhine drive oran
auxiliary engine, which eliminates the plug-
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ging problems associated with wasiewa-
ter solids. The ree! speed e3n be varied 1o
get the desired application rate. This type
of unit is more laborfree and can easily
irrigate W) of mone acres before having to
be mwoved to another travel lane, Also, it
can easily zccommodale uneven travel
lengths. It is more expensive, however, and
incoezses power requirements due 1o in-
creased pipe friction losses.

Center-pivot systems, which move around
int 2 circle like the spoke of 32 whee! and
can cover up 1o 1,000 acres, offer almost
complete automation {figure 7-33). Their
disadvanmages include mlatively high cost,
tow' pressure, small sprinklers, and main-
tenance problems. Good design may help
offset some disachantages.

Calibration of Irrigation
Sysiems

Trrigation rates are vsually defined by a
combination of pumping or fow rate,
sprnkler nozzrle dismeter and operating
pressure, sprinkler wetted dizmetes, sprn-
kler spacing, and travel speed. Pemping
rates are given by the manefaciirers' data
curves and depend on the metor size,
amperage drawn or operting speed, suc-
tion lift, and operating pressure. The
preatey the amps orf speed, the higher the
flow rate, Higher suction lifis andfor op-
erating pressares decrease tie flow rate.
Flowr rztes can be practicaly checked only
using in-line flow meters, whose reliabil-
ity in wastewater is questionable, or with
external Doppler-type Row meters, which
are expensive.

Rotary-impact sprinkler nozzle discharge
rates depend on the nozzle diameter and
nozzle opemting presswe (which is dif-
ferent from pump pressared. Manufactur-
ers’ data give flow rates for different nozzle
diameters and pressures. Nozzfes can wear
with age, panticutarly #f the wastewater con-
tains sand or prit, which resubs in higher
Aow mtes or uneven distribution.

Applicstion rates depend on the wetted
diameter {area), nozzle type (aper-bors
or ringy, nozzle irjectory above ground,
and sprinkler spacing or weerdap, Taper-

Chapter 7: Application Equipment
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Figure 7-12. Hard-hose reel with travek
Saurce: Liguid Manure Application Systems

bore nozzles provide larger droplet sizes
covering more anca and result in lower ap-
phcation rates and tess wind drifi than ring
nozzles. High-trajectoiy sprinklers cover
less area, resulting in higher application
rates and more wind drift than low-trajec-
tory nozzles.

Pniformity of application depends on
sprinkler spacing 2nd wind velocity. Swa-
tionary sprinklers are wsually spaced arno
more than 0% of their weled diameter.
To measure the application mte and uni-
formity under stationary sprinklers, 2 num-
ber of containers er rain gauges can be

" equally spaced in two perpendicular

transects nnder the full-cirde sprnkler. The
container spacing should be no mere than
10% of the wetted dizmeter. After frnigat-
ing fos a specific time period, measure the
degrh of liquid in the containerss (tin inches)
ard divide by the operating time {hours}
to get the application tate and waiformity
of apphication.

Traveling sprinklers have the added vari-
able of forward travel speed affecting the
application rare. kane spacing for travel-
ing sprinklers is nomally 70 1o 73% of
sprinkler wened dismeter for unifarm over-
lap. Travelers have adjustable spriokler
trave! speeds for varying the application

ng gun cart suspendead (far travell
Bezsign Manual, KRAES-39

Figure 7-13, Pivot izrigation system with blg
gun sprirkfers

Source: Liguid Manure Application Systems Dasign
Manugl, NRATS-493

mtes that are chasted on the machine by
the manufacturer. Since (the empmy hose
reels at the beginning of a sprinkler pull
have a smaller Cizmeter, the speinkler travet
speed at the beginning of the pull will be
slower than it is pear the end of the pull
when he fhiose ceel s full and has 2 larger
-diameter. To compensate for this differ-
ence, manufaciurers place speed compen-
sators on the hose-reel travelers 1o ensure
the sprinkler travel is the ssme from be-
pinming {o end. This Cevice should be a
must for alt traveling wastewsater irrigators.
A perigdic check of the travel speed can
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be perfonned by painting a mark on the
sprirdkler hose nezr thie sprinkler. Place o
stakes 100 feet aparn near the hose a1 the
beginning of the pull and again near the
end of the pull. Record the time it takes
for the mark on the hose 1o tavel between
the stakes and compare this actual ravel
speed with that specified by the manufac-
TMreT,

Salt Formation on
Wastewater Pumping
Equipment

Widespread implementaton of wastewa-
ter pamping technology has improved
waste handling from layer preduction fa-
cilities through fushing of wastes from
buildings. This redoces gases and odors
and may improve bird perdommance, health,
and in-house working environment,
Implementation of this technology has afso
resulted in the buifdup of 3 grayish-white
crystalline salt on the intemal pump and
piping sutfaces used for Bagoon lguid
pamping. This compeund is predominantdy
magnesium ammonium phosphate, some-
times referred to as struvite, Beposits oc-
cur mest frequently on metallic sarfaces
but alsa coour in varying degrees on plas-
tics. Among metal components, steel, cast
fron, bronze, and brass appear to be about
equaily susceptibve.

Salt buildup is vsually first detected i the
internal pump compoanents, graduaily
moving ourward into dischamge pipes,
Deposition also ocours at pipe piats, el
bawss, vatves, or imperfections, because grit
and magure solids tend 1o lodge at these
points, providing a base for the salt to
prow. Predicting the ocourrence of salt
crystallization and deposition is difficulr,
since exact causes ae not well defined.

Minimize szlt problems by selecting high-
ralicy, Jome-pressure, seif-priming cenirifis-
gal or submersible pumps, Ground the
pump kousing to prevent =n electostatic
charge from building up on the metallic
patis. You may oversize the pump a2nd
piping system to obtain the reeded deliv-
ery, but operste the pumyp cn a timer and
allow the system 10 drain beteeen vse;
coneact Hme hetween the pump and pipes
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and the wastewater can be greatly ming-
mized in this manner, Be sure fo avaid
sipnificant oversizing of pumps in relation
1o the piping nerwvork o minimize high
pipe {low velocities and excessive pump
cavity turbulence cansed by restricting the
discharge. Ensure that the suction fine is
lzrge encugh to prevent pump cavitaon.
(Rufe of Thumb: The suction pipe diam-
eter should be one standard size barger than
the discharge pipe.} Locate the pump as
close o the high water level of the lagoon
as possible to minimize suction lift Re-
place fine mesh suction intake straines
with wire screens or baskets that have 1-
inch mesh or larger and 2 diameter at least
five flmes the sucticn pipe diameter

Use nonmetatlic pipe and fiitings. Consult
pump exgerts Io size pipe diameters so
they are large encugh o maicein Now
velocities berwveen 3 and 5 fest per sec-
end. The piping system from the waste-
water source to the point of use skould be
a minirum of 1 inch in diameter, except
at the immediate viciniy of the discharge
point. Salt deposition problems are 1ypi-
eally Jess in Jarge lines than in smaller ones.
Sharp pipe bends such a5 ethows and tees
should be minimized by substinaing flex-
ible plastic pipe and long sweep efbows
for direction chanpes.

The pump and piping system should have
enough capacity o allow operation only
cne-half o two-thinds of the time. Piping
systems nel in continuous use should al-
low draining between pumping events,

Direct grounding of the pump housing
discharges any static charges or stray volt-
age, which is believed to conteibue to sal
deposition. A metal rod should be driven
1{ to 12 feei imto moist soil near the ha-
goon edpe. Cahle connections at the
ground rod and pump shoutd be checked
pericdically for comosion to ensure that
the system maintains good electrical con-
ducrivity.

Salt deposition problems may be refated
to increasing concentration of compound
materials in the lagoon sysews, Primary
lzpooas should be properly sized with
adequate treatment eapacities. A new fa-
enoa should be charged at least half full

of water prior to startug, and the liquid
levet should be brought up to design ley-
els as scon as possible. Rainfall in more
humid regions during nomal years dilotes
[agoen liquid concentrations. Extended
peeiods of hot, dry weather increase nuirdi-
ent and salt levels and the rate of sait
buildup in recycling and imigation systems.
During these dry perivds, Aushing with
fresh water o7 inigating 2 portion of the
lagoon contents and replacing the fiqoid
less with fresh water may help.

Salis can be disselved from internal pump
and pipe sudaces with diluwte acid treat-
ments. Several dosings followed by fush-
ing of the spent acid solalions will be
needed for removal of heavy budldups. A
meve thorough but costly treatment can
be obtained by installing an acid recircu-
Tation [oop. A 150-gallon acid-resistant tank
can serve 25 an acid recircoiation reser-
voir. The tank sheuld supply encugh total
solution 1o filt the pipe length o be
cleaned, plus some reserve 1o keep the
recirculstion pamp primed. To redoce tank
size, line sections can be isolated with
valves =0 that acid is circulated through
only one section. The flush pump suction
line is switched from the lapoon and con-
nected to the bottom of the acid tank with
a quick-connect coupling. A l-inch line
remarns acid from the end of each treated
pipe section to the tank.

Muriztic (hydrochloricd acid {303 techni-
cal grade}, which can be purchased at most
chemicz! supply houses or paint stores,
should be diluted {1 gallon acid added 1o
9 gallons of water). WARNING: Extreme
caullon must be exercised. Mixing ac-
ids wille water can be very hazardous.
Never add water to the concentrated
acid. Always partinlly fill the tank with
waier, then add the acid 1o the water
very slowiy. Heat will be generated. Eye
proteciion is advisable.

This soluticn should be recirculated over-
night for a heavy szl buildup. This dilu-
tion should ot damape metal, ajthough
prolonped contact shoufd be avoided. A
beavy buildup may recder the acid usable
anly one Hms, althoush it should be re-
tained after the frsi use and reused 1o ses
how much stiength remains. Spent acid
may b2 dumped (o the Tagoon,
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A by-product of even the most successful
. poulry production operations is dead

birds. Despite improved health and pro-
duction practices, intermittent menality is
io be expecied in commerdal focks. Re-
gardless of the cause of the momality,
proper disposzt of carcasses is required 1o
ensure biosecurity, protect the environ-
ment, and avoid offending others with
nuisance conditions.

Two general categories of carcass disposal
are: {1} normal mortalicy (ypically about
0.1% per day, with flucnaation up to 0.25%
not uncommaony; and {21 disposal of large
portioas of the flock or a whele Nock (usu-
ally associated with sacrifices due to can-
tagious disezse outbreak or death due to
poOwer outages or other catasteophes),
Nonmal motaity is generaly more easily
bandled because of the steady “fow” of
material through the disposal system,

Methods for disposal of dead birds are
bugial, incinertion, rendering, and com-
posting. The method chosen must be cone
patible with the individual grower's sitta-
tion and management capabilities and must
comply with state laws. Fabricated pits for
burial have bBeen wsed in many areas, but
guestions have been rised about their
impact on groundwater quality, and they
have been prohibited in many states, In-
cinerztion is perkaps the most bosecure
methed of disposal, but it wends 10 cause
odor and maintenance problems, In addi-
tion, it tends to be slow and expensive.
For producers located close 1o 3 render-
Ing plant or pickup roule, this process can
be an aurzctive and economical method
for disposat of nomnal and catastrophic

Chapter 8! Bead Bird Monagement

mornality. However, there are biosecurty
risks associated with transperting carcasses
ta 2 rendering piant or with fasm pickup
systems. Also, some rendering plants may
ret be able 1o handle lnge quantities of
earcasses from catastrophic events. Com-
posting of dead birds is gsining popular-
ity, but it requires investiment in new fa-
cilittes and has not received uaconditional
approval by regulatory awthorties in alt
states.

RENDERING POULTRY
MoRrTaLITY LOSSES

Remdering is the process by which a waste
or pther prodect {carcasses) is placed un-
der at least 40 pounds of steam pressure
in a kerte or vat. The waste is thoroughly
cocked for 2 sufficient ime 1o destroy the
product for buman food purposes while
precluding the spread of disease when it
is conswred by animals or poulrey.

The most obvious requirement for utiliz-
ing sendering as a carcass disposal option
i5 close proximity te a rendedng plant thar
accepts whole deadd birds or that provides
a truck rowte to pick up monalioy from
individual farms or from 2 convenient
pickup station. The poultey indusiry as a
whole may be unwilling te have render-
ing route trucks deiven cato individaal
farms because of guestions abour
biosecurity. An option ks to provide cen-
tral pickup stations where pmducers de-
liver their individunal farm monatity, [oad
thelr dezd birds oo the renderers tuck
of tradler, and then disinfect their vehicdes

pricy to retuening (o their farms,

An approach that has been used in some
arezs has been the use of a household
freezer (usually chest-type) or speciafiy
designed freezer writs en the poubtry famm
to temporarily s2ore normal morality. Dead
birds should be picked up daily from
houses anid placed in the ireczer. Periodi-
cally, asually once or twice a week (de-
pending on the age and size of the hirds
and rate of monality), the grower muse
carry the frozen carcesses to the render-
ing plant or to a pickup station. Quality of
carcasses is preserved by freezing, and
nuisance potential is reduced while mind-
mizing the expense of ransporting dead
bieds to the rendeeing plant. At the plant,
birds are unloaded for processing along
with poultry plant processing wastes, other
dead animals, and other protein and fa
waste products. Biosecurity practices vary
from plant to plant and from state 1o state.
Generally, however, the industry encour-
ages preducers who haul to the rendering
plant 1o disinfect their trucks and hauling
contziners as they leave the plant. Most
producers are concerned about disease
eransfer potentia! and are willing 1o make
use of washing and disinfection facilities
if they are provided.

Processes have been developed to use bio-
logical fermentation or direct acidification
of carcasses on the farm. These processes
allow lhe grower to accumutate Jarge quan-
utes of monalities on the famm without
spoilage until such tme as they can be
transported in bulk to rendering plants or
other fadilities for recyrling into foodstuffs
or ether value-added produces, While not
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in wittespread use, these methods may find
maore extensive use in ihe funere.

The renderer, in onder w produce 3 fin-
ished product of hiph quality, must have
raw wasle products that are fresh and of
cansistent quarntity and qualtity. Dead birds
gerenlly do pet meet this equiremen,
bt acceplance of normal, small quant-
ties of mortality zre generally not a prob-
lem. However, when Barge quantities of
dead birds must be processed, such as
when whole house desths oceur fram
power outages or other catastsophies, plants
must adjust to zocep these capcasses. Some
renderees e uazble to pocess lage quan-
tities of these birds becavse of the reduc-
tion in quality of their end producs. For
exampie, if a plant has contracted 10 seli
2 of its product as pet food, the added
likelihood of more visihle feathers in the
processed food wil be upaccepiable, and
the renderer may ot accept ihe dead binds.

COMPOSTING
Rourtine PouiTRY
MoRTALITY LOSSES

tacludes several smzll primary bins ap-
proximately the szme width of the loader
Bucket wsed to handle the hin contents.
The bin depth is about 5 feet, due o the
rezch required to scoop the primary bin
contests and drop them into 2 secondery
bin, which is typically located behind 1the
back wall of the primary hin. The layering
armangement for mutine compaosting of nor-
mal mortalities in primacy hins is shown
in figure 8-1. Moving the primary bin con-
tents and “cascading” the compost mix-
tre into the secondary bin(s} provides
aeration o rejuvenate the composting pro-
cess and bring it to a stable conclusion. OF
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course, cther composter designs can ac-
complish the same process. Experence in-
dicztes that cerain [eatures are common
to all good composters:

= TRoof: Some materials are composted
eutside. Howewver, this is not recom-
mended for dead bird composting, A
ool ensures ali-weather operation
and helps contrel win, snow, runoff,
pereolation, and leachate—all of
which ean be majar concems. Figure
&2 shows a multicompafmentatized
rwo-bin desipn that inchedes a roof.

= Foor: A concrete floor is recom-
mendead 0 ensure all-weather opera-

e |
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Composting of poultry carcasses has be-
come the method of choice for disposal of
normal mortality losses on many pouliey
farms. Several difierent designs of
composiers are avaitable, but they mast
all meet the following requirements:

s must be prcicsly odorless;

*  must operate at a temperamre high
cacuph to destroy pathogenic bacte-
ria (150°F)

»  must provide for complete decompo-
sitton of carcasses—ondy minimal
amounts of feathers and bones re-
maining;

* must be adequately protecied from
flies so that maggots ate no? a probs
fem; and ) ) )

* musl keep out cther vermin and wild
or domeatic animals.

Composter desizn can vary considerably
and st work well. Ore popubar system
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tion and i secure the composter
against bumowing from rodents or
other arimals. An impervious ffoor
also will help dispef questions aboat
contamination of the groundwater
and other surrounding azeas. An op-
tianal concrete apron, sloped away
from the prirary bins, is recom-
mended. This provides an alb-weather
surface for equipment and operation.

*  Bailding materals: Specify preserva-

- Hve pressure-trezted lumber or other
rot-resistine materials that con resist
the hinlogical activity of composting.
Use hot-dipped galvanized nails,
which resist rusting, or other fasten-
ers that are compatible with the ma-
tectals used.

= Access to primary bins: A method is
needed © enclose and confine 1he
compost mixture but allow access
with a bucket loader for elficiens han-
dling. One technigue that weorks well
is tor construct channels on the sides
of front bin posts using angle iron or
wood cleats. Treated boands can then
be stipped nto the channels to form
a front wall, or “gate,” as layers are
stacked in the bin. Conversely, the
boards can be removed after the com-
posting is completed 1o give access
to the bin with a bucket Joader

Temperatore is a good indicator of bio-
Iogical activity in the compost pile and is
easily measured using a long-stermmed dial
thermameter {see figure 46 on page 24}
or an electyonic probe thermmometer. Mois-
ure content, oxygen availability, and mi-
erabial activity all influence temperatuee,
Two or three days aRer wastes are mixed
and placed in piles, themaophilic microbes
should begin to duninste. Fhese organ-
isms prefer a temperatere of 103 1o 150°F
As conditions in the pile change—for £x-
ample, due to an unfavorable moisture
eontent, change in the C:N ratie, or de-
creasing exygen supply—he temperatuse
may drop and the microbial population
will shilt back o a regime of lower-lem-
peraiure microbes.

As long as the emperature is increasing,

the pile is functicning well and should be
left alone. As the tempennie peaks and

Chapter 8 Dend Bird Maragemeant
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then bBegins to decrease, the pale shoold
be wmed o incorporate oxyeen, Afer
tarning, the pife should respond to the
mixing and incorporation of oxvgen, and
ihe temperatuie should again cycle up-
wands. Ideally, the luming process should
be coatirued until the reheating response
does not occur again; this indicares that
the compost matestal is biologically stable.

If you are serigus about using composting
for dead Bisd disposal, be sure to seek
mare detailed information on dead poul-
ry compaosting from your local Coopera-
tive Extension office. Two publications
listed inn “Suggested Readings® on page 63,
On-Farm Composting Handbook {NFAGS-
54} and Field Guide to On-Farny Compost-
fng (NRAES-114), contain more detailed
information about composting systems and
management.

APPLYING
COoMPOSTING
PRINCIPLES TO
CATASTROPHIC
PoOuULTRY
MoRTALITIES

Canzstrophic mortalities are those caused
by vrcontrollable events, such as sulfoca-
ticn becavse of power ourages, flooding,

Warists kength,
at necessary

EERTF X ARFUED Aniaal tarness Tyee 12

Fock destuction because of disease, and
ket weather. Composting of these losses
nrast be dealt with in a different manner
than nommal compaosting because of the
large initial volume. However, the prin-
ciples are the same.

If 2 whaole house is involved, the [egical
place 1o compost is in the house. This
would be partoulariy true if a diseaze is
involved. Most of the litter van be
composted with the birds, thus killing dis-
£ase peganisms in the process, In-house
compesting will provide shelier in case of
bad weather znd enable better control of
the process. The recipe for catastrophic
poultry morslity composting is the same
as for normal mortality described by
Murphy and Carr (1991); Collins (1992
and Langsion, VanDevender, and Roles
{1998}, The volumetdc ratic is one birdiwo
litter:one straw, The basic difference is that
a windrow formation for the catastrophic
losses will be used instead of the typical
oa-farm poultry composter (figure B-3).
The windrow can be triangular or tap-
ezoidal in shape. The base width cun vary
from B to 12 feet with 3 height of 4 o &
feer. The windrow can be as long as nec-
essary. Keep the birds at least 6 inches
from b cutside fzee of the windrow, and
do not layer over rve binds deep. As the
windrow is formed, 2dditional water may
be required, because the litter may be dry.
Internal windrow moisture should ap-
preach 304, Tuming of the windicw in
seven to ten days will be necessary to add

i 10-12 s

-l {604 plastis
CoEren with
121" cf base
[HEEEY

fruck, wedod, end eovered wih
-5 ol cebon material)

Figure 8-2. Windrow design used for cempasting Catzstraphic mantality
Sgurce: Fefd Cuide to On-Farm Composting, NRASS-F14
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additiona] oxygen to the process and 1o
funker disperse the carcass mass into the
EOMpPos] mixmnme.

If there is msufficient ceiling clearance to
turn the windrow inside the house, you
may have (o move the compost mixtare
cutside for the second-stage composting
eycle, A liyer of 6-mil polyethyiens should
be used under the compost windrow out-
side. To prevent damage 1o 1he polvethyi-
ene inthe teming process, a keyer of straw
12 to 18 inches decp should be used asa
depb gange. As the pile is reconstructed,
b sure that any partially composted car-
casses are covered with at feast & inches
of Eter and that no bind tissue is left on
the surface of the windrow.

if there is a pastial house catastrophic loss,
you may have to start the primary-stage
compaosting cyele outside or in your ma-
nure stegape shed if there is space avail-
able. As described above, provide the Iayer
of 6-mil polyethylene coversd with the
straw layer depth gauge. Build the wind-
row Layers with 12 inches of liger and then
follow the layering precess shown in fg-
ure 81 (page 56}, If composting wild be in
a manere storage shed with a concrets
floor, the protective “depth gauge” of sEaw
will not ke required. If composting wilt be
done cuside, be sure to select a site that
is well-drained without the possibility of
surface drinage running into or through
the compost windrow or pile.

SAFETY IN
CoMPOSTING

The composting of dead birds, when prop-
erly done, is an economical disposal
meihod that is far geatler on the eaviron-
ment than incineration, single burial, or
buriad in disposai pits. Since the whaole
process takes plice aboveground amd in
proximeny of other animals, eady concerns
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in eady tsals, the vines causing Infectious
Bursal Thsease {gumbaoro disease} was
used because of its extreme handiness. The
virus was found o persist afier seven days
but was dead afier fourieen days of com-
posting. In anather experiment, whese
both the Infeclious Bursal Disease virus
anid the Newcastie Disease vinus were used,
it was found that, as in the fist tdal, the
Infectipus Bursal Disease viruses survived
seven days bat not founeen days, while
no trace of live Newcastle Disease virus
could be found afier seven days of com-
St

Under labomatory condittons, other teses
were conducted with ground beef inocu-
bated with Mycobacleritim peendotuberen-
fosis, the agent causing Johne's Disease in
ruminants. Ko bacteria survived at 150°F,
Alen, pround beef was inoculated with
Salfmonelia dublin for vwo dals; one at
50T and the other ai I30°PF At 159°F, all
bacteriz were Killed within & hours. At
1303°F, no live badesia were found after 18
howrs of composting,

Trizls in Alabama showed that coliform
bacteria are sometimes recovered during
fimst-stage but not afier seeond-stage com-
posting. Recontamination of the compest
by viruses is orfikely, Vimses necd intacy
live cells to replicaie, and as the compost-
ing progresses, the animal fissues assume
the appearance of cocked mear The cells
die and underge such change that even
undar microscopic examination, it would
be difficult 1o identify the tissue. Recon-
tamination of materiz] after composting is
caused by environmental bacieria carried
by insects, rodents, amdfor egaipment.

n summary, it can be safely assumed that
if composting is done propetly and erches
the projected temperatures, pathogens
present In Carcasses prior to composiing
will be destroyed. '

were expressed about the supvival of

pathogens. So cardy-on wizls were made
both on-site and in labomtory tests 1o do-
plicate actual, natural composting.
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EINCINERATION OF
MorTaLITY

Incineraticn, or ereimation, is a s:fe method
of carcass disposal and may be an altema-
tive to other methods of disposal. The
major advantage of incineration is its se-
curity—il is bivlogically secure, and it will
nod create water potution problems. Ash
is easy to dispose of and does not attract
modents ar pests,

On the other hand, Incineration is often
slow and costiy—and likely to become
more expensive as fuel costs rise, Incin-
eraters must be propedy sited, too, be-
cause unpleasant odors may accompany
the process. Indeed, an air quality issue
for pouliry growers who choose this
methed of monality management is (he
emission of odor and pariculares {dust,
ash, etc) that may be generated during
the process.

Meverheless, incingralion s considered
very sanitary when properly applied,
Homemade indperators—that is, 55-pallon
bamels or dums confaining carcasses that
faave been drenched in a Tammable lig-
wid—are nof acceftable and oo ot meey
air quality standards,

Good Incinerator Design

incinerztor design and use are oilen regu-
fated. Producers considering this methed
of poulury monality management should
consult with appmpriate state environmen-
tal apencies before incorporting inciners-
dion into their monality management plaa. -
Avarizty of good commercial incinerators
are available that will ensure a proper bum
and air guality safeguards,

Incinerators should be sturdily built znd
able 10 accommodate nonmat daily mor-
wlities. Those that have automatic eontrols

are most converdent. The unie should be

ahle to handle larpe loads apd high
temperatures, and the size of the incinera-
tog should alse be carefully estimated o

Poultry Warste Mapagement Handboak
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avoid overoading the equipment. Other
disposal methods showdd be included in 2
resnuece management plan 1o cover situs-
tions in which heavy, unexpected losses
oCour.

Incinerator Location

Additional considerations include the Jo-
cation and proper aperation of the incin-
erdlor equipment. Nuisance complaints
about incinerators are many. Where and
how equipment is installed and operates
will influence the frequency of these com-
plaints. First, Jocate the uni downwind of
- 1he pouitry house, residences, and neigh-
bors' properties. Szcond, be sure that the
discharge stack is far encugh away from
trees or structures o avoid fires. Inciners-
tors burn ar intensely high temperanires.
Localing the indnerator in an arez conve-
nient to the poultry house will alse con-
tribute to belter manzgement.

Chapter 8: Dead Aird Management
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Sheltering the incinerator from inclement
weather will extend the life of the unir,
For best resulrs, place it an s concrete slab
inside a roofed stracture.

Incinerator Costs

At Tezst mo items must be considered in
determining the cost of incinertion as a
disposal methed for poultry monatities:

* equipment purchase and mainte-
nance, and

s the rate of bum and fuel costs.

Purchase costs will vary depending on the
size and type of the incinerator. Discharge
stacks and afrerburner devices that recycle
the fumes can help contro odors and dust,
bt air polluiton is difficult ro avoid with
incinertors. Expendshle pants and grates
will need to be repliced periodically—
perhaps every 2 or 3 vears—and the whole
system may need replacement (or over-

haul} every 5 to 7 years.

The rate of bur will fikewise vary depend-
ing on the weipht, moiswure, and fat con-
tent of the carcasses and on the loading
capacity of the unit {incinerators may have
to be Joaded several times to handle a day's
maoralities). Some brodler producers have
expericnced an averzge bumn rate of about
85 pounds an hour; they estimate that it
costs about 5350 (1999 estimates) to in-
cinerate 100 pounds of maoralities. If fuel
prices increase, 50 wil the cost of each
bura.

Incineration is an acceptable and safs
method of poultry mortality management.
It does not sisk the spread of disease or
water pollation; however, it is relatively
costly. Not only are direct costs involbved
in the process, bt the choice of incinera-
tion also means the loss of most nurent
value that the montalities might have had
if they were composted for land applica-
tions or other uses,
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Alternative Uses for Manure

PROCESSED
FERTILIZER

Several companies are making erganic Fer-
tlizer from broiler and wikey liter and
tayer manure in the Hnited Staes. A com-
bination of processes are being vsed: com-
posting and drving with or without en-
hancement with organic and inorganic
substances. Some companies are making
pellztized finished products. Gihers are
making a granulsr product that fooks simi-
lar to crushed petlets.

RumMINANT FEED

When processed by an acceptable method,
pouliry litter is zn economical and szfe
source of protein, minerals, 2nd coempy for
beef catie. Processed litter makes a pood
prowein spplement for both broed eows
and growing calves. Litter also makes an
economical substitate for hay, especially
during drovgit years when hay suppiies
are shoat.

Broiler litter is the most desirable type of
litter for canle feeding because of its su-
perior auteitional valoe. It should contain
2 to 300 moisture and caele prodein, 1t
should also be low in ash {soif) and should

be free of hardware, glass, and other far-

eign materials. Processed sutkey, broiler
treeder, and hen litter have also bean used
successfully 2s feed, but they are less de-
sirabie feedstufls than broiler liner. Betaiis
aof feeding guidelines for poultsy lilter can
be found in the refewences at the end of

)

this publication (Gerkin, 1992; Carner and
Poore, 1995, Poore el al, 1995, and Selders
and Osbome, 1994),

Acceptable methods of processing litter for
catile feed inchide deep stacking, ensiling,
dehydrating, and extrusion-pelleting. The
most comenon method is deep stacking,
the process of siockpiling litter for Fater
use, Before ktter is fed, it shewld be deep-
szzcked and caused 1o po through at [east
one exiended heating period. After stack-
ing, the liter undergoes a combined par-
tial composting-ensibing process. Bacterial
action canses the stack o heat o a tem-
perature between 10 and 16F, This tem-
perature is sufficient 1o kill pathogens such
as E. Cofi and Safmonela that may be
present In raw litter.

The deep-stacked litter stabilizes follow-
ing the initiz} heating, but it is not wmed
and aflowed to reheat as is done when
composting litter; thoroughly composting
fitzee reduces the energy and protein avail-
ability in the materiz, Ovecheating {160°F
or higher) may occasionally oceur, and i
will reduce feeding value by damaging
Beth protein and carbohydrates. This prob-
temn can be controdled by packing the stack,
covering it with plastic, or both,

After o minimum of theee weeks of heal-
tng, the liner should be ready foruse as a
feed. Once the lkter has andesgene the
hezating process, it will rerain its feeding
value for a perded of up 12 5 years,

Berp-stack precessing should resukt in s
product that has a fing texmire and an odor
that is simibar to caramelized chocotaiz, It

should also be free of an ammonia smell,
thereby increasing its palatability. Litter thar
has overheated will have a black color with
a bume odor. Liter that is gray-colored with
a sirong manure smell did not heat suffi-
ciently for pood processing,

The method used to store litter is impor-
tant, because stomge techriques often spell
the difference between low- and high-qual-
Ity feed. The options described in the ear
lier section on litter storage (beginaing on
Fage 207 can all be used 10 adequately
protect litter that will be used for feed.

Eey poinis fnr feeding biroiler litter 10 u-
minants include the folowing:

*  Beef cow wintering rations offer good
potential for feeding broiler litter.
Typical mixtares of B broiler litter
and 208 ground corn {for palatshil-
ity} or other palztable concenerare
easure adequaic consumption. A
smatl amouat of hay or other forzge
should also be fed for nomal diges-
tion and health. .

= Feed pregaant cows 13 to 15 pounds'
of the liter mixeure per head per day,
along with 2.2 poonds of hay or
equivaleat forage. For cows nursing
calves, increase the amount of the lit-
ter mixture e 18 io 20 pounds pec
head per day while continuing to feed
210 3 pounds of hay ot other rough-
age.

»  Winter calves on 3006 brodler liter and
3074 ground corm, along with hay fed
free-chaice. Feeding 7 pounds of the
mixiure per day, 408- 1o 3H-pound
calves showld prediece gains of = Litle
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over 1 pound per day. The mixiace
could also be fed with as little as 5 o
10 pounds of silage or 2 15 3 pounds
of hay per head per day. The amount
of the mixture should be adjusted, de-
pending on the amount of hay or si-
lage fed.

*  Droifer lter can be substituted for up
to 20 to 25% of the dry matter in beef
cattle finishing mtions. It can be fad
either as litter ensiled with corn si-
lage or by mixing deep-stacked hitter
wilh comn silage or other ration in-
gredients at feeding. When fed with
silage plus concentrates, such as
ground com, at 1% of body weight,
20%% broiler Iiter in the ration on an
*as-fed” basis will provide all the pro-
tein needed to balance the ration.

Genenlly, no deletesious effects have been
ohserved from feeding propedy processed
poultry litier to cattle. Copper toxicity is a
potential problem when liter is fed o

Chagter 9: Afternalive Uses for Manure
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sheep. Broiler Hiter should pot be fed 1o
dairy cows while they are Jactating, and
its use should be discortinued fifieen days
prior to staughter of canle and sheep.

RMusHrOOM
ComposT

The miciobial mixture prepared as the
nutdent subistmate for growing Agarfcus
mushrooms cfien includes poultry Hier
and/or manure. Mushrocm substrare has
majar componenes of straw, somelimes
straw-bedded horse manvse, hay, com
cobs, or other plant by-peoducts. Poultry
manuee is used as a nitmgen soume o
balance the catbon-to-nitrogen ratio for
effective compost activity. In southeastem
Pennsylvanta, mushroom farmers fre-
quertly use died layer manure or sefeced
sources of broifer lier,

The specific temperature sequence used
o prepare substrate provides for the re-
lease or conversion of Iree ammonia. Am-
monia mast b2 deared from the substeate
prior to spawning (iniroduction of mush-
toom mycelimy, because gaseous ammo-
nia is toxic 1o mushooms. Some broiler
producers vse Aammonia suppressant ma-
terals in their houses. These maierials
have been found to hald ammonta through
the composting period used to prepare
substrate. Later, ammonia gas is released
during the growth of the mushrooms, caus-
ing crog damage. Therefore, broiler itter
that contains ammonia suppressant mate-
rials is unacceptable for mushroom sub-
sirate preparation. Mushroom farmers have
lcarned that it is essential to test new
sources of poultry manure prior to mak-
ing a purchase commitrment.

)
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vice.
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The following publicativns may be of in-
terest (o readers of the Pouliry Waste Man-
agement Handbook. Al are available from
MRAES, Before ordeding, contact NRAES
for cument prices and shipping and han-
dling charges. Currently, KEAES has pub-
lished more than 93 publications and dis-
tribizes a eotal of more then 160 publica-
tions; conzact NRAES for a free catalog.

NERAES s an interdiseiplinacy, issues-or-
ented program focused on delivering edu-
cational materials in suppon of coopera-
thve extension. Read mare about NRAES
on the inside back cover of this book.

NRAES

(Natural Resource, Agriculture, and
Enginecring Service)

Coopertive Extension

152 Riley-Robb Hall

Ithaca, New York 14853-5701

Phone: (607} 2557654
Fex: (A7} 254-B77D
E-mmail vears@cosnz1 gor
Wb site: 7o e 1KEEs 056

Animal Agriculture and the
Environiment: Nutrients,
Pathaogens, and Community
Refations

NRAES-G5 » 386 pages » 1996

This preceedings includes 33 papers on
the following topics: the fate of pathogens
and nutiients, prdecting the envimament,
land application, nutrient management
plans, edor management, feeding manage-
ment Ie redace mutdents o manure, con-

Suggested Readings

siderations fn public policy, and cost e
the farmer. The praceedings will be of in-
terest \o producers and iheir advisors; com-
munity officials anet their consultans; rega-
farory agencies; educators; consuliants;
mird] fandowners; soil and water canser-
vation district staff; povernment stafl; and
watershed managers.

Circular Concrete Manure
Tanks

TR-9 = 23 fzgei v Revied, 1005

This resarurce from the MidWest Plan Ser-
vice is for desipners who understand tein-
forcet) concrete desipn, applicable codes,
ant soil properies. The design feanered
in tie publication s for tanks with a hinged
base and free top. This version of TH-9 s
based on ACE-318 {Building Code Remquire-
menis for Structumt Concrere) and differs
significantly from eardier versions. 1t con-
tins tables for general design data, ank
capacities, and placement ef reinforcing
stecl

Corcrete Manure Stormges
Handbook

MWPI-36 » 72 pages = 1994

Now the science and ant of designing con-
crete storages are combined in one book!
This reference book provides design and
construction precedures for rectangular

2nd circular sforages based on current

codes, standards, specifications, and engi-
neering practices. The handbook is in-
tended for enpineers, designers, and build-
er5 who are familiar with material and func-

ticnal design requirements, but it can also
bz useful to owners and nsers of the fa-
cilities. Marural Resources Conservation
Service personnel will find this bock a
valuzble resource.

Earthen Manure Storage
Dasign Considerations

NRAES-I0% » [0 mrgas » 1009

This book wis wiitten to meet the needs
of producers, engineess, and design pro-
fessionals who peed information about
designing, constructing, and managing
earthen slomges. It covers environmental
policies; design standards znd planning
documents; manure chardteristics; storage
planning; storage design; construction;
manspement; and liability. A lengthy ap-
pendix provides guidelines and calcula-
tions for soil liners,

Farm and Hone Concrete
Handbook

MWPS-35 « 41 pages = 1050

Thete are many uses for concrele around
farms and homes, including walls, floars,
drives, and other mesonry construction.
Fhis compilation is a cusrent reference for
concrele users. Learn how o select 2 con-
crete mix and order ready-mix concrele.
Details incddude forming, reinforcing, plac-
ing, itnishing, and curing conerete. Selec-

* tion and design recommendations for nu-

meroas practical apolications are included.
A major section covers the basics and
pieparations, weather precautions, and
slip-resistant surfaces.

&3
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Fertilizer and Manure
Application Equipment

NRAES-57 » 22 pages » 7924

This publication, written For smail farms,
discusses types of fetilizer arkd manume
nutrient values and provides guidsnce on
equipment selection, Procedures for cali-
brating fertilizer and manure application
equipment are reviewed The publication
inclucdes over 30 [Rustralions, six mbles, a
plan for a fertilizer storage shed, and a
plossary.

Field Guide to On-Farm
Composting

NRAES-114 » 128 pages » 1959

This bosok was developed to assist in day-
to-day compost system manigement. Top-
ics disaussed in the book include: opera-
tiens and equipment; mw materials and
recipe making; process controf and evalu-
ation; site coasiderations, environmental
management, and safery; composting live-
stock and poultry medalities; and compost
wtilization on the farm. Highlights of the
guide include an equipmeny idenification
table, diagrams showing windrow forma-
tion and shapes, examples and equations
for recipe making and compost use esti-
mation, a troubleshooting guide, and 24
full-eolor photos.

Liquid Manure Application
Systems Design Mouual
NRAFF-50 » [68 priges « 190§

This up-to-date manual covers the follow-
Ing topics: charmcternstics and testing of lig-
vid manure; evaluating sites; liquid ma-
nure fiom the barn to the field; field ap-
plication; management; and applying the
design procedure. Twenky tables and &
ilbustrations are incuded.

ad

Livestock Waste Facifitios
Handbook

MWPS-18 » [12 pages » 1085

Recommendations, federal regulations, and
desipn procedures for almost all livestock
manure handling and management alter-
natives are discussed in this book, includ-
inpg scrape systems, gravity drain guiers,
gravity fiow channels, infifirzsion areas, and
waske transfer.

Nutrient Managenient: Crop
Production and Watey Quality

NRAER-I0F » 44 papes » 1907

This fulloolor publication is divided ino
two seciions: Basic Principles and Field
Management. Basic Principles focuses on
nuirient pathways and their behavior, Field
Management centers on management
guidetines that promote efficient distribar-
tion of nutrients o reduce fentilizer costs
and the potential for Joss. Two workbooks
supplement (s book (see below); they
are salid separately.
* Nutrient Management Work-
book
MRAES-102 » 17 txages » [0R7
This workbook, & companion to M-
et Management: Crop Producifon
and Water Qualily (NRAES-101), Is
used 1o record pertinent information
and assist with calculations used in
developing a nutrient nunagement
plzn,
® Estimating a Mass Nutrient
Balance
NRAEF- 103 « Bpages » 1007
This workbook, a companion Lo -
trignt Management: Crop Production
and Water Dieality{NRAES-101}, will
help improve vrderstanding of nu-
trienl movement onto, within, and
away [rom the farm.
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Nirtrient Management
Software

NRAEE-JO0 » G0 pages = 19096

This proceedings is [rom the Nutrient Man-
agement Software Workshop held in De-
cember 1996, 5ix papers are incladed:
Comparison of Decision Support Systems
That Caleulate Manure Application Rates,
Penn State Farm Nutrient Mansgement Pro-
gram, The *Nutrient Management Planner”
and Farm Works Sofiware, Cornell Nutri-
ent Maragement Planning System, Comell
Net Carbeliydrate and Protein System for
Accurdtely Meeting Requirements of Cantle,
and Purchasing a Computer for the Fanm
Business. Scftware is not included, but
ordering information is given with each
paper.

On-Farm Composting
Handbook

NRAES- 54 » 186 pages » 1002

This handbook contains everything you
ever wanted to know about composting
on the farm — why 10 compost (the ben-
efits and drawbzcks), what o COmpost
{raw materizls), how to compost {the meth-
ods), and what to do if something poes
wrong {management). The ten chapters
alser discuss site and envirenmental con-
siderations, using compost, and market-
ing compost. Highlighting the rext are 55
figures, 32 tables, and sample caleulations
for determining a recipe and sizing a com-

prost pad.

Oi-Farm Large-Scale Chicken
Carcass Composiing

NMRAEF-TIF o fl-minate video = jO97

This VHS video offers producers a work-
ing knowledge of composting as 2 cos-
effective and environmentally safe method
for large-scale carcass disposal. It provides
a step-by-siep demonstzation of windrow
constniction using vanous carbon soumes.

* The video will be 2 helpful resource for

producess, integrators, educators, and gov-
EIMMETE 2gency personnel.

Poultry Waste Management Handbook
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e T o RS P,

NRAES, the Natum| Resource, Agricuiture, and Engineering Service (formerly the Northeast Regional Agticultural Engineering
Service), is an snterdisciplinary, issues-oriented program focused on delivering educationat materials and training opportuni-
ties in suppon of cooperative extension. The mission of NEAES is to assist facubty and staff at member land grant universities
in increasing the avaitabilily of researclt- and experience-based knowledge to improve the competitiveness and sustainabilicy
of agriculture and natural resources eaterprises, increase understanding of processes that safeguard the food supply, and
promote environmental protection and enhancement. All NRAES activites are guided by facuby from member Jand grant
universities (see the map below for a list of cooperating members).

NRAES began in 1974 through an agreement among the cooperative extension programs in the Nostheast. In 1998, Virginia
Polytechnic Institute and State University became an NRAES member university. The propram s guided by the NRAFES
Committee, which consists of a representative from each member university, the NRAES director, and an zdministrative Haison
appointed by the Norheast Cooperative Extension Directors Committee. NRAES is housed in the Department of Agriculural
and Biological Engineering ar Cornel| University. Office hours are Monday through Thursday, 8:30 4 m. 10 5:00 p &, and F riday,

B30 am, 1o 2:30 p.u., easiemn fime.

Currently, NRAES has published more than 95 publications and distributes a total of more than 160 publications on the
following topics: general agriculture, aquaculture, agrichemical handling, IPM, honiculiure, greenhouses, building construc-
tion, livestock and pouliry, dairy, waste management, composting, farm management, Farm safety, forestry and wildlife, and

home. Please contact us for a free publications catalog.

NRAES {Nawral Resource, Agriculjure, and Engineering Service)
Coopentive Extension

152 Riley-Robb Hall

Ithaca, New York 14853-5701

Fhone: (6073 255-7654

Feoe: (607) 2548770

E-mafl- Krags@BcorimnL i

WWeh sif: wF%. KRAES.ORG

__University of Maine

/ Orone, Maing

University of Massachusetts
Ambarst, Massachuseiis

/E}rn"|.-fer5it1_.r af Rkade {sland

- Kingston, Rhode Island

h N
HB - triversity of Connecticut
- Storrs, Connacticot
.

\\
T~ Ruigers University

 Mew Erunswick, New Jersey

< )
_ \ Urtiversity of Delaware

\ Hewark, Belaware

NRAES Member gngersit'ﬁefﬂéw Ha:l"ln_pshire
Universities e

University of Yermont
Burkington, Yermopt-_

Comell EBniversity
Ithaca, New York

The Pennsylvania State bniversity
University Park, Pennsylvanla

‘West Virginia Hniversity
HMorgantawn, West Virgiala - - -

Urniversity of the Diswict of Celumbia
Washington, 0C

Yirginia Pahytechnic stitute and State tniversity University af Maryland
Blackshurg, Virginia College Park, Maryland
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